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1400 Hanno Bldg. P.O. Box 6508 Cleveland 15, Ohio 
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Composition 


TRADE-MARK 


NOMINAL COMPOSITION 


ELECTROMET 


ALLOYS FOR THE STEEL, IRON, AND NON-FERROUS INDUSTRIES = 


BORON ALLOYS 


Aiuminum..... max.050% hordenabilit 
Min. 10 Increases rdenability 
Boron aoe Carbon........max. 1.50% of steel; also, for addi- 

tions to malleable iron 
Min. 17.50% Aluminum .... 0.50% 
Boron Grode Carbon....... max. 0 
Mangonese-Boron Boron... .... .min. 17.50% 
Manganese. . approx 15% Used to cloome ond de- 
Carbon... 3% oxidize non-ferrous 
max, 5% 
Nickel-Boron Ee to 18% 
Specie! boron alloy wed 
iron... Max, 3.00%, Principally for deonidiz- 
Nickel. Balance niche! ond its ofloys. 
Boron Carbide Boron... . 4210 48% Deoxidizer for non-fer- 
Carbon . ..451052%  rous alloys 


CALCIUM ALLOYS 


Caicum........3010 33% Oconidizer for quolity 
Silicon... . 60 to 65% ingot steel. Also used in 
tron... .. 1.50 to 3%  high-tensile gray irons 
Calcium - Calcwm. »..... 1610 20% A complex deoxidizer 
Mangenese-Silicon Manganese ....1410 18% used widely in produc- 
Silicon. ........53 10 59% tien of steel costings. 
Colcium Reducing agent in metol- 
Regular Grade 6 lurgicol applications, de- 
Balance largely id ond degosifi 


Calcium Chloride 
Calcium. . . approx. 99.50% 
Balance largely 
Magnesium 


Distilled Grode 


for non-ferrous metals. 
For specio! applications 
requiring calcium of very 
high purity 


CHROMIUM ALLOYS 


“Simplex” Lew- Chromium... .. .63 to 66% 
ferrochrome Carbon -max. 0.010% 
or 0.025% 

2% Nitrogen-Bearing Chromum.... 62 to 65% 
Grode 5t0 7% 
Nitrogen....... 2 to 25% 

Carbon...... max. 0.025% 

5% Nitrogen-Beoring Chromium 6 to 63% 


Grade 


For producing stoiniess 
steel, porticularly the 
low-carbon grodes. The 
silicon in the alloy re- 
duces metal oxides from 
the slog beck into the 
both Rapid solubility of 
the alloy soves furnoce 
time 


. max. 0.025% 
leow-Cerben Chromium 67 10 71% Production of stoiniess 
ferrochrome Silicon 0.30 to 1.00% steels and high-tempero- 
(Other Grodes) Carbon (10 Grades) ture alloys requiring low 

max. 0.03 to max. 2.00% cerbon content. 
High-Cerbon ferrochrome 
Man. 4.50, 5.00, or Chromium. .... . 67 to 70% 
6.00% Carbon Grode Silicon, ........ lto 2% Fer of 
neering olloy steels 

Man. 7.00% Chromium. .. ... 66 to 69% other alloy steels of 
Corbon Grode lto 3% 
Min, 7.00% Chromium. .... . 65 to 68% tens. 
Carbon Grode Silicon, ........ Ito 3% 

-Beoring Chromium, .. .. .67 to 71% 
lew-Corben Silicon... .0.30 to 1.00% Per edditions of pitrogen 
ferrochrome Carbon. ......max, 0.10% improve properties of 

Nitrogen... 0.75 to 2.00% oh-chromium stools. 
Ferrochrome Chromum......6010 65% A high-solubility chromi- 

 aachénes to um addition for stee! or 

Carbon . 4 eee iron in either furnace or 


lodle 


CHROMIUM ALLOYS cont. 


These improved exother- 
mic ladle alloys hove 
high solubility, low cor- 
bon pickup, and high 
ignition temperoture. 


Developed especially 
for high-solubility lodle 
additions of chromium to 
improve composition ond 
properties of cast iron. 


Chromium. .. .60% approx. 
4.5% max. 
Chromium 46% approx. 
Silicon. ..... 23% approx 
Carbon....... 1.00%, max. 
62 to 66% 

as 7 to 10% 
Sto 71% 
Chromium to 4% 
28 to 22% 
max. 1.25% 
Chromium....... min. 97% 
ery max. 0.10% 

and 0.50% 

Chromium. .... . 87 to 90% 
Carbon. 9to 11% 
max. 1.25% 


Production of wide 
variety of non-ferrous 
chromium-bearing alloys, 
including electrical re- 
sistance alloys and high- 
temperature alloys. 


“EM” Ferrochrome- Chromium...... 41% Used in production of 
Silicon ere 42 to 46% stainless steel to reduce 
Carbon....... max. 0.05% metal oxides from the 
slag bock into both. 
“EM” Ferrosilicon- Chromium...... 5010 54% For adding chromium 
Chrome pore 28 to 32% and silicon to steels con- 
Carbon....... max. 1.25% taining up to 1 or 2 per 
cent chromium. 
Chromium Chromium........... For adding chromium 
Briquets Total Weight....... 3% 1b. to cast iron in the cupola. 
(Hexogono! Shepe) 


Stobilizer in austenitic 
chromium-nicke! staink 


steels. Also constituent of 
high-temperature alloys. 


Coiumbium 50 to 60% 
max. 8% 
Carbon. ...... max. 0.40%; 
Columbium.. . approx. 40% 
Tantalum..... approx. 20% 
min. 60% 
5 to 7% 
Carbon........ max. 0.30% 


Stabilizer used to sup- 


in nickel stoin- 
less steels. Also used in 
high-temperature alloys. 


Stenderd Manganese... ... 74 to 76% Most common means of 

Ferromanganese Carben........ approx. 7% adding manganese to 

Reguior Grade max. 1% steel for both alloying 

Low-Phosphorus Manganese. .... 78 to 80% ond deoxidizing pur- 

Grode max 1% poses. Also for counter- 
max, 2% acting sulphur insteel ond 
Phosphorus. ..max. 0.10% est iron. 

lLow-Carbon Manganese min. 90% 

max. 0.07% 
Low-Phosphorus Grade Phosphorus. . .max. 0.06% 
R Grades Manganese... .. .85 to 90% steels of low-cor 
Carbon. max.0.07.0 0.15 specification, particularly 
0.30, or 0.50% pong steels of My per 
‘Omum, per 

Regular de Manganese... ... 80 to 85° 

Carbon........ 
Silicon. . Sto 7% 

“Mensiley” Alley Manganese..... 60 to 63% Used in production of 
Silicon ...28 10 31% steintess steels to reduce 
Carbon.......max.0.07% metal oxides from the 
Phosphorus....max.0.05% slog back into the bath. 


“All ef the alloys and metals listed ere produced in the vsvel lump, crushed, or ground sizes, except where other specie! forms ere indicated. 
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ferrochrome 
4 Exothermic 
Silicon-Chrome 
Foundry Ferrochrome 
High-Corbon Grode 
low-Carbon Grode 
Chromium Metel 
tow-Carbon Grodes 
Electrolytic Chromium min. 99% 
Ferrotantalum- 
Nitrogen 5 to 6% MANGANESE ALLOYS 
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PRODUCT * NOMINAL COMPOSITION USES PRODUCT * NOMINAL COMPOSITION USES 
MANGANESE ALLOYS cont. SILICON ALLOYS coat. 
Silicomengonese “EM" Silicon Briquets 
Max. 1.50% Manganese... . 65 to 68% A versatile olloy useful large Size Ib. For adding silicon to cast 
Carbon Grode 18 to 20% furnace block, deoxi- (Cylindrical or Total Weight......... SIb. iron in the cupola. (Bricks 
oz dizer, and also for mok- Orich-Shape! shape briquets ore 
men. 220% 65 to 68% ing manganese additions Smoll Size . Coble 
Grode to steel in the ladle or (Cylindrical Total | Weight....... Ib 
in the furnace. Magnesium. 43 to 47 For ladle addition to cast 
Grote — Ferrosilicon Magnesium... .7.5109.5% iron to obtain special 
Medium-Cerbon Wanganese..... ° ing low- me- properties. 
Perromengenese Carbon 1.25 tol 50% dium-carbon mdi 
Silicon. max. 1.00 or 1.50% steel and Hadfield steel. TITANIUM ALLOYS 
Low-iren Manganese. ....8510 307) For high manganese ad- Ferrotitenium Titanium....... to For stabilized austenitic 
ferromanganese Carbon... approx. 7. ditions to certain non- Corben ...... stainless steels and high- 
max.3% ferrous alloys, porticu- temperature metals. 
2% _ lorty oluminum. Silicon-Titenlom Tilanium.......40 to 50% For odditions of titanium 
Mangenese Metal Manganese...min. 95.50% Used both os deoxidizer Silicon. ........45 to 50% to steels or non-ferrous 
max. 0.20% and alloy in max. 3% alloys. 
Silicon... .....max. 1.00% of numerous non-ferrous Mengenese-Nickel- Titanium....... 48% Deoxidizotion of nickel 
Iron..........Max. 2.50% metals and alloys. Titanium Nickel....... approx. 25% alloys. 
“EM” Silico- mongonese Manganese. ..... max. 8% 
mith... inh TUNGSTEN ALLOYS 
“EM” Ferro- Manganese.......... 2b. For adding mangonese Ferrotungsten Conforming to A.S.T.M. for production of tool 
seBriquets Total Weight......... 31b. (without silicon) to cost Spec. 4 144-50 ond die steels; also 
high- 
{Oblong Shope} iron in the cupola. temperature alloys. 
Tungsten Metal Production of ¢ 
SILICON ALLOYS Melting Grade min, 98. steels ond cost tungsten 
50% ferrosilicon . max. 0.25 carbide. 
Reguior Grode Silicon . 47 t0 51% Calcium Tungstate Tungstic Oxide. .68 t0 72% For making tungsten 
Blocking Grade yaw killed steel. Blocking 
Low-Aluminum Grode to51% grade specially sized for Calcium Tungstete Tungstic Oxide. .68 to 125% Making tool steels and 
Aluminum..... max. 0. 40% maximum efficiency. Nuggets high-temperature alloys. 
65% Ferrosilicon Silicon 65 to 70% For furnace or ladle ad- Ammonium Tungstic Oxide. min. 88.7% intermediate for tung- 
Regulor Grade = dition to steels. Paratungstate sten products. 
low-Impurity Grode Silicon. .. .61.50 to 66.50% 
Aluminum.....max. 0. fer production 
Total imputities max. 1.00% @ectrical sheet steel VANADIUM ALLOYS 
 Vanadium...... 
75% Ferresilicon Deoxidizer ond olloy for Production of tool ond 
Regular Grade 73 to 78% production of high-silicon Carbon... ..max. 0.20, 0.50, steels, high- 
Low-Aluminum Grade Silicon......... 73 to 18% or 3.00% 
a i: non-ag 
Mumuaum..... max. 0.50% inoculant for cast iron. ond wear-resistant irons. 
85% Ferrosilicon Enables melter to odd Vanadium Oxide Sep to For addition of vanadium 
Reguior Grade ee 83 to 88% higher percentages of Fused Na,O........approx. I to steel and for man- 
Geode 90% without chilling CaO. approx. 2% catalysts 
Aluminum. ....max. 0.50% etolin ladle. Graphitiz- 
ing inoculant for cast iron. approx. 
Na, Approx. For manutocture 
Regulor Grade 9210 95% Permits lorge additions High-Purity approx. 99.50% vonadium 
Low-Aluminum Grade Silicon. 10 95% silicon without harmful Ammonium NH,VO,......... min. 99% 
Aluminum..... max. 0.50% chilling effect. Metavonadote 
Reguior Grode Silicon. ....min. 
max. | or 2% ticularly aluminum ond 12 te 15% Zircomum...... 12 to 15% This is powerful deoxi- 
Purified Grod Silicon... .99.70 to 99.90% opplications in non- FDON........ max. 0. depth ening. 
005 to .015% 35 te 40% Zirconum...... 35to 40% Deoxidizer for fine 
ing of high purity. Zirconium Alley Silicon. ........ 47 10 52% grades of alloy steels. 
ron... . Max. yt co is 
Nickel-Zircontum Zircomum...... 25 to 30% For deoxidizing and de- 
Calciom max. 0.107% Nickel.......... 40 to 50%  gasifying nickel alloys. 
Low-Aluminum Grade siticon-copper alloys “EM" Zirconium Zircomum......... 0.55 |b. For adding zirconium and 
where eluminum detri- silicon to cast iron in the 
uminum..... max ‘0 mentol. pe, Reddish Color otal Weight ........ cupola. 
“SMZ" Alloy Silicon. ........601065% Particularly strong “Electromet,” “EM,” “Mansiloy,” “Simplex,” “SM,” and “SMZ,” 
te 4 inocelont are trade-marks of Union Carbide and Carbon Corporation. 


IF YOU HAVE A METALS PROBLEM 


More than 50 different alloys and metals are produced by 
Evectromet. If you need help in selecting the proper alloys, 
be sure to consult one of ELectromet’s specially trained metal- 
lurgists and engineers. Address your inquiries to one of the 
offices listed at right. 


Birmingham 1, Ala... P.O. Box 196 
Cleveland 14, Ohio. Union Commerce Building 
Detroit 2, Mich........... 6-240 General Motors Building 
Houston Texas. 6119 Harrisburg Boulevard 
los Angeles 58, Colif............. 2770 Leonis Boulevord 


Pittsburgh 22, Po 
San Francisco 6, Calif 


. Oliver Builaing 


22 Battery Street 


in Canada: Electro Metallurgical Company, Division of 
Union Carbide Canada Limited, Welland, Ontario 


LECTRO METALLURGICAL COMPANY * 


Division. of Union Carbide ond Carbon 
“30 East 42nd Street, New York 17, N. Y. 
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Steel Slant by NARCO- 
have been designed for maxi-— 
_ mum service in every steel manu- 
facturing: department where 


“tion of raw materials, modern 
manufacturing equipment and 
processes plus extensive quali ity 


i] 


‘ 

These superior refractories are j= 
obtained through careful selec- 
if 


BLAST FURNACE 
COPPER CASTINGS 


ANN IVERSARY 
1853 19 


SMEETH-HARWOOD COMPANY 


8524 Vincennes Ave., Chicago 20, Ill. 
In Canada—The William Kennedy & Sons, Ltd., Owen Sound, Ontario. 


Blast Furnace Copper Castings — also Brass and Bronze Mill Castings 
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— Personnel Sonics — 


Tt following employment items are made 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service Inc., operating in cooperation 
with the Four Founder Societies. Local offices 
of the Personnel Service are at 8 W. 40th St., 
New York 18; 100 Farnsworth Ave., Detroit; 
57 Post St., Son Francisco; 84 E. Randolph St., 
Chicego 1. Applicants should address all mail 
to the proper key numbers in care of the New 
York office and include 6c in stamps for for- 
warding and returning application. The op- 
plicant agrees, if placed in a position by 
meons of the Service, to pay the placement 
fee listed by the Service. AIME members may 
secure a weekly bulletin of positions available 
for $3.50 o quarter, $12 a year 


MEN AVAILABLE 


Metallurgist, B.S., M.S. and Ph.D. 
degrees in metallurgy. Permanent 
resident alien. Eight years in non- 
ferrous and corrosion research. 
Knowledge in corrosion, hydro and 
electrometallurgy, radiography, X- 
ray diffraction, spectrography and 
heat treatment. Desires position in 
research, production or plant con- 
trol with opportunities for experi- 
ence and advancement. Location 
immaterial. M-121. 


Metallurgical engineer, B.S. and 
M.E. Columbia. Twenty years suc- 
cessful experience as consultant en- 
gineer and executive positions in 


both ferrous and non-ferrous opera- 
tions. Open for appointment as field 
representative to handle metal prob- 
lems requiring broad _ technical 
knowledge and ability to deal with 
people and as advisor to top man- 
agement. Southeast territory pre- 
ferred. M-122. 


POSITIONS OPEN 


Engineers with metallurgical and 
chemical engineering, and extractive 
metallurgical background for titani- 
um operations. Location, Tennessee. 
Y9717. 


METALLURGIST. progressive, 
ity 
ow 


metallurgist with empe 

experience. Radiographic ond C 
Contact experience helpful. TOP SALARY. 
APPLY TO: Personnel r, MICRO- 
CAST DIVISION, Austencl tories, 
inc., 7001 $. Chicage Ave., Chicago 37, Ill. 


SALES ENGINEER 


Excellent opportunity offered 
mining or metallurgical engi- 
neer presently engaged in sales, 
preferably in Midwest, as West- 
ern Advertising Manager for 
AIME publications. Will work 
out of Chicago after brief train- 
ing in N.Y. Heavy technical 
sales background more impor- 
tant than previous advertising 
experience. Write: Manager of 
Publications, AIME, 29 W. 39 
St., New York 18, N.Y. 


Metallurgist with master’s or doc- 
tor’s degree, for teaching and some 
research for dept. of metallurgy. 
Salary and rank open. Location, 
Southeast. Y9714. 


Ferrous Process Metallurgist with 
three or more years experience in 
this field, or with graduate training 
in physical chemistry of steelmak- 
ing, to initiate and carry out re- 
search in all phases of ferrous proc- 
ess metallurgy. Location, Pennsyl- 
vania. Y9688. 


METALLURGISTS 
WELDING ENGINEERS 
PROCESS ENGINEERS 


We need capable men for permanent 
positions in our expanding atomic power 
program. Experience with metals such 
as zirconium and titanium is desirable 
but not essentio!. Our superbly equi 
laboratory is locoted in suburban Pitts- 
burgh, with excellent — | facilities 
nearby. Applications hondl promptly 
and confidentially. Write to Supervisor 
of Industrial Relations, P.O. Box 1468, 
Pittsburgh 30, Pa. 


WESTINGHOUSE ATOMIC POWER 
DIVISION 


METALLURGIST. Position available to 
graduate Metoaliurgist with 2 to 3 years 
practical experience. 25 to 35-year 
age bracket preferred; however, will 
train recent college graduote. Please 
reply with statement of experience and 
background 


Box 0-7 AIME 
29 W. 39th St, New York 18 


Far-reaching opportunities in a significant 
scientific field — atomic power — are 


now open with General Electric. By 
joining us now, you can assure your 
continuing progress and growth in 
this rapidly-growing industry. 


SENIOR 


Work involves the applied research 

and development of high temperature 

or corrosion resistant materials. Pri- 

mary interest in the interpretation of 

data rather than experimental approach is 
desirable. 


PhD or equivalent in Physical Chemistry, Physical Metal- 
lurgy, Ceramics or Physics is essential, with 8 to 10 years 
experience in these fields. 


Please send resume to: 
Department 0-10, Technical Personnel 


GENERAL @@ ELECTRIC 


Aircraft Neclear Propulsion Cepartmert 
Atomic Products Division 


?.0. BOX 132 CINCINNATI 15, OHIO 
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MEN WITH 
A VISION 
AND A 
PURPOSE 


THE CLEVELAND MEN 


Under authority of a special act of the Michigan 
legislature, on December 26, 1850 “The Cleveland 
Men” met at the old Canal Bank in Cleveland, Ohio 
to form The Cleveland Iron Mining Company. From 
this beginning grew The Cleveland-Cliffs Iron 
Company. This pioneering undertaking was one of 
the initial steps in the founding of the great Lake 
Superior iron ore industry. 


LAKE SUPERIOR IRON ORE © VESSEL TRANSPORTATION 
COAL © FERRO ALLOYS 


CLEVELAND 14, OHIO | 
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specific requirement. 


Harbison-Walker Refractories C 


k fr i 
Harbison Walker Retractor es . 
for every type of furnace in the iron and steel industry = 
The conditions that affect the life and service of iron and steel furnaces are Poa 
many and differ widely- To provide the exact kinds of refractories that will me 
enable steel producers to maintain maximum production with greatest economy ee 
under all these varying condit} Harbison-Walker offers the complete range ey 
j of types and classes for every aie. 
+ 


HARBISON- 


SPECIALIZED REFRACTORIES 
IRON and STEEL producers 


BLAST FURNACE REFRACTORIES 


For more than half a century, Harbison-Walker 
Blast Furnace Refractories have been the leading 
choice of the industry. The major portion of 
linings currently installed in the United States, 
Canada, and Mexico are Harbison- Walker brands. 


VARNON BF—extremely hard-fired, super-duty fire- 
clay brick, having high strength and density, low porosity 
and permeability, immunity to disintegration by carbon 
monoxide, high refractoriness and resistance to slagging. 


H-W 18 Pa. and H-W 18 Ky.— hard-burned, high duty 
fireclay brick. Exceptionally resistant to abrasion, and 
to disintegration by carbon monoxide. H-W 18 brick 
are low in permeability and porosity, have high mechan- 
ical strength and excellent volume stability at working 
temperatures. 


BENEZET BF and H-W Ky. BF —for many years the 
standard refractories for most blast furnaces—for hearth 
and bosh, inwall and top linings. 


BLAST FURNACE STOVE REFRACTORIES 


Harbison-Walker brands of high duty and super- 
duty fireclay refractories fulfill all the exacting 
requirements for stove linings, domes and checkers. 


OPEN-HEARTH and ELECTRIC STEEL 
FURNACE REFRACTORIES 
STAR SILICA—The long established silica brick. Char- 


acterized by high refractoriness, rigidity under load at 
high temperatures, good resistance to abrasion and fluxing. 


VEGA—the super-duty, high temperature silica brick 
especially suited for extremely severe operating con- 
ditions. 


VEGA BOND —super-duty silica bonding mortar of 
excellent workability and super-duty refractoriness; ther- 
mal expansion entirely compatible with that of silica brick. 


CHROMEX extremely hard burned chrome-magne- 
site brick with excellent volume stability and strength at 
high temperatures. 


CHROMEX —a chemically-bonded chrome-magnesite 
brick having excellent spalling resistance. 


METALKASE — a chemically-bonded metal-encased mag- 
nesite-chrome brick. Dense, strong, slag resisting and 
low spalling tendency. 


H-W MAGNESITE—the standard burned magnesite re- 
fractory in the steel industry for more than fifty years. 


H-W CHROME — a4 hard burned chrome brick especially 
adapted for various specific uses, 


H-W MAGNAMIX—a magnesite ramming mixture for 
monolithic bottoms and for patching. Easily installed to 
the desired contour with great saving in time. 


OTHER Iron and Steel Furnace REFRACTORIES 


For the widely diversified furnace applications, 
Harbison-Walker provides refractories which 
meet every need. These include high-alumina 
brick of all classes; super-duty and other classes 
of fireclay refractories; insulating fire brick; high 
temperature bonding mortars and ramming mix- 
tures; plastics and castables. 
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Nitriding 
Furnace 


because 


We can nitride all types of steel in- 
cluding stainless. 


This Hevi Duty Furnace is adaptable 
2) to the Floe process of Nitriding. 


We get uniformity throughout the 
load. 


The parts come out clean and treated 
to very close tolerances. 


A large pay load with low ammonia 
and power consumption soves us 
money. 


HEVI 


Dry Type Transformers 


GIVES US WHAT WE 


Paul C. Farren, Chief Metallurgist at Hartford Machine Screw Com- 
pany, says, ‘'! like this Hevi Duty Vertical Retort Nitriding Furnace 


DUTY ELECTRIC COMPANY 


MILWAUKEE 1, 
Heat Treating Furnaces... Electric Exclusively 


WANT... 


This furnace stands up under con- 
tinvous use. 


Control is easy, giving us exacting 
case depths in each heot and uni- 
formity from heat to heat.’ 

These ond the mony other advontages 
built into Hevi Duty Nitriding Furnaces 


con benefit you. Write for more informa- 
tien today — Bulletin HD-646-R. 


Constant Current Regulators 
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Events 


i 5-7, AIME, Blast Furnace, Coke Oven, 

w Materials Conference, Palmer House, 
Chicago. 

Apr. 5-7, AIME, National Open Hearth Con- 
ference, Palmer House, Chicago. 

Apr. 5-7, American Society of Lubrication 

Engineers, annual meeting and exhibit, 

Cincinnati. 

Apr. 5-8, National Packaging Exposition, 
Convention Hall, Atlantic City, N. J. 

Apr. 6-9, Institute of Physics, conference on 
physics of particle size analysis, University 
of Nottingham, Nottingham, England. 

Apr. 7, AIME, Chicago Section, Chicago Bar 
Assn., Chicago. 

Apr. 7-8, Inland Empire Science Fair, Lewis 
& Clark High School, Spokane, Wash. 

Apr. 20-21, American Zine Institate, galva- 
nizers committee, Hotel Statler, St. Louis, 
Mo. 


Apr. 21-23, Seuthern Industrial Wastes Con- 
ference, Hotel Shamrock, Houston. 

Apr. 24, AIME, Columbia Section, student 
meeting, Idaho University, Moscow, Idaho. 


Apr. 26-28, Canadian Institute of en one 
Metallurgy, annual meeting, Mount yal 
Hotel, Montreal. 

Apr. 26-28, Metal Powder Assn., show and 
annual meeting, Drake Hotel, Chicago. 

Apr. 26-30, American Society of Tool Engi- 
neers, industrial exposition, Convention 
Center, Philadelphia. 

Apr. 27, Assn. of C iting Chemists and 
Chemical Engineers, Hotel Belmont Plaza, 
New York. 

Apr. 20-May 1, AIME, Pacific Northwest Met- 
als and Minerals Conference, Multnomah 
Hotel, Portland, Ore. 

Apr. 30-May 1, AIME, New England Regional 
Meeting, Bond Hotel, Hartford, Conn. 

May 2-6, Electrochemical Seciety, La Salle 
Hotel, Chicago. 

May 4-7, American Welding Society, national 
meeting, Hotel Statler, Buffalo. 

May 7-8, Pennsylvania Society of Profes- 
sional Engineers, annual state convention, 
Bedford Springs Hotel, Bedford, Pa. 

May 8-14, American Foundrymen's Society, 
Cleveland Auditorium, Cleveland. 

May 16-17, American Institute of Chemical 
Engineers, Kimball Hotel, Springfield, Mass. 

May 21-22, Operations Research Society of 
America, annual meeting, Edgewater Beach 
Hotel, Chicago 

May 24-28, ASTM, committee E-14 on mass 
spectrometry, Jung Hotel, New Orleans, 
La. 


May %31-June 11, Canadian International 
Trade Fair, Toronto. 

June 14-18, American Society for Engineer- 
ing Education, annual meeting, University 
of Illinois, Urbana, I 

June 20-23, Chemical Institute of Canada, 
Toronto, Canada. 

June 20-25, American Institute of Chemical 
Engineers, nuclear energy meeting, Uni- 
versity of Michigan, Ann Arbor, Mich. 

July 16-21, Joint Commission on Electron 
Microscopy, international conference, Sen- 
ate House, University of London; London 
School of Hygiene and Tropical Medicine, 
Malet St., London, W. C. 1, England. 

July 19-20, International Conference, Me- 
chanical Effects of Dislocations in Crystals, 
University of Birmingham, England. 

July 21-28, International Union of Crystalle- 
graphy, general assembly and international 
congress, Paris. 

Aug. 23-27, Oak Ridge Summer Symposium, 
Modern Analytical Chemistry, Oak Ridge, 
Tenn. 

oom 14-24, Instrument Seciety of America, 

hiladelphia. 

one. 20-24, American Mining Congress, Civic 

uditorium, San Francisco. 

Oct. 3-7, Electrochemical Society, Inc., Stat- 
ler Hotel, Boston. 

Oct. 26, Assn. of Consulting Chemists and 
Chemical Engineers, Inc., annual sympo- 
sium and banquet, Hot] Belmont Plaza, 
New York. 


Nov. 1-3, AIME, Institute of Metals Div., fall 
meeting, Hote! Morrison, Chicago. 


Nov. 1-5, American Welding Society, Hotel 
Sherman, Chicago. 


Nev. 1-5, American Society for Metals, Na- 
tional Metal Congress, Palmer House, Chi- 
cago. 
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better equipment and Pa ey service for our customers. Changing | 
your records now to show our new address may prevent enevieg: 


will be pleased if you will take the next opportunity to visit us. Gi 
display will be available of our complete line of metallurgical sam- 


OPENING OF OUR NEW PLANT AT (4 

Greenwood at Hartrey Ave., Evanston, Ill. 

JUST ONE BLOCK NORTH OF DEMPSTER STREET 
These facilities have been arranaed so that we can provide a 
— oF 
equipment, optical instruments for the laboratory, 
Amsler and Chevenard testing machines and other items. © = 
> 
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LER? GET SOME 
NATIONAL 


TRADE .-MARK 


CARBON BRICK 
AND SHAPES FOR. 
MAINTENANCE, 700” 


WHEREVER HOT METAL HITS, refractories take a 
beating. This is true around a blast furnace, as well 
as in it. That's why more and more operators are 
applying the lessons learned in /iming blast furnaces 
to maintenance of other hot metal areas. 


KEEP THESE 
STANDARD SIZES 
ON HAND 
FOR EMERGENCY! 


13%" x x 3" series 
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@ RUNOUT TROUGHS 
@ CINDER NOTCH LINERS 


‘ 
- 


EXPERIENCE HAS PROVED the contributions of 
“National” carbon and graphite to better production, 
longer life and lowest maintenance-cost-per-ton in 
these and other applications: 


@ SPLASH PLATES 
@ STOOL INSERTS 
@ CORES 
@ SKIMMER PLATES 


® CINDER NOTCH PLUGS 
® MOLD PLUGS 
® BEDS AND TRAYS 


The term National” is a trade-mark 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, New York 


District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


IN CAINADA: Union Carbide Canada Limited, Toronto 


\ 
7, 
‘ x 
gr x 6” x 3” series 
gi x x 24" Series 


New Products 


1—GAS TESTER: A portable, vis- 
ual unit for testing gases has been 
introduced by Electric Furnace Co. 
The temperature of the specimen is 
controlled with a _ rheostat. The 


equipment is approximately 22 in. 
long, 9 in. wide, and 9 in. high; 
weight is approximately 35 lb. The 
quality of gas being produced by a 
special atmosphere generator can be 
quickly and easily determined. 


2—DIE CASTING: Particularly 
adapted to casting aluminum alloys 
at high speed from either single or 
multiple cavity dies, this new heavy 
duty cold chamber type die casting 
machine was announced by Harvill 
Mfg. Co. Up to 300 complete casting 
cycles per hr may be obtained with 
the model. Magnesium and brass are 
also readily cast with the machine 
and zinc, lead, and tin may also be 
cast after conversion to the hot 
chamber operation. 


3—CALIBRATING' INSTRU- 
MENTS: New Universal electrical 
calibrating instruments with wide 
capacity ranges for calibrating and 
proving testing machines and other 
measuring equipment under loads in 
both tension and compression are 
available from Baldwin-Lima-Hamil- 
ton Corp. 


4—-SHEAR: An air operated, port- 
able shear for cropping hot bars of 
ferrous and nonferrous in bar mill 
operations has been developed by 
Curry Air Shear Corp. The unit is 
rated with a capacity to crop up to 
1% in. diam hot rounds at any air 
pressure between 60 and 100 psi. 


5—PROCESSING FURNACE: For 
stress relieving, annealing of forg- 
ings, drawing, experimentation, and 
joggling of titanium sheets and cast- 
ings, Blue M Electric Co. recently 
manufactured a portable air circu- 
lating processing furnace. 


6—PRESSURE FILTER: Pressure 
filter for dewatering granular ma- 
terials is announced by Hydro-Blast 
Corp. Material is fed into the ma- 


Products 


New Literature 


For Further Information or Literature on any Product, Fill in the Coupon and Send to JOURNAL OF METALS 
Students are Requested to Apply Directly to Manufacturers for Bulletins and Information 


chine in slurry form and is dis- 
charged at less than 10 pct moisture 
content by weight. Capacities range 
up to 5 tons per hr of 100 lb cu ft 
material. Operation is fully auto- 
matic, by means of electric timers. 
Shop air at 85 psi is employed for 
dewatering with average air con- 
sumption of 15 cfm. 


7J—RECIRCULATING FURNACE: 
A modernized convection recirculat- 
ing forced draw furnace, designed 
and built by Bellevue Industrial 
Furnace Co., has the fan built into 
the furnace. It recirculates the hot 
gases through the work chamber at 
the rate of 70 complete air changes 


per sec. Temperature range on this 
furnace is from 250° to 1250°F. 


8—ELECTROMAGNET: A 6-in. 
multi purpose laboratory electro- 
magnet has been announced by 
Varian Associates. It features change- 
able pole caps for uniform or high 
field work, an adjustable gap that 
provides a gap range from % to 6 
in. and a dolly mount that gives 
complete mobility without loss of 
rigidity in operating positions. 


9—INDUCTION HEATING: A re- 
designed 5 kw output high frequency 
induction heating unit is offered by 
Lindberg Furnace Co., for soldering, 
brazing, and light heat treating ap- 
plications. It is a single station 
model designed for continuous out- 
put of 5 kw or 284 Btu per min at an 
output frequency of approx 450 kc. 


10—PURITY ANALYZER: Thermoc 
Laboratories has developed an in- 
strument to measure the purity of 
argon gas. It is accurate to 0.01 pct. 


11—SAND SCREEN: A new non- 
clogging open mesh abrasive mate- 
rial is available from Carborundum 
Co. The abrasive is coated uniformly 
on both sides with silicon carbide 
grain. It is designed especially for 
sanding operations where loading or 


New Services 


glazing is a problem. Field tested in 
sanding of ferrous and nonferrous 
metals, wood and paint undercoats 
and sealers, the sand screen has been 
found to give 7 to 15 times longer 
life than conventional coated abra- 
sives. It is available in full sheets, 
cut sheets and disks, and in grit sizes 
of 180 and finer. It can be furnished 
in standard 50 yd rolls up to 18 in. 
wide. 


12—BRONZE VALVES: A complete 
line of bronze valves equipped with 
Coradur stems has been announced 
by American Chain & Cable Co., 
R-P&C valve div. The new stem 
material, an aluminum-silicon bronze 
alloy, combines a favorable machin- 
ing index with excellent durability. 
It is 10 pct lighter than naval brass, 
offers high tensile strength (over 
95,000 psi) and about twice the hard- 
ness. 


13—ZERO-MIST: Chromic acid 
spray now can be completely elimi- 
nated from chromium plating bath 
operations by a new product avail- 
able from Udylite Corp. The surface 
active agent completely prevents air 
and airborne contamination from 
chromic acid spray and mist. It is 
not affected by concentrated chromic 
acid solutions at any temperature or 
by the highest anode or cathode cur- 
rent densities obtainable. 


14—CONVEYOR: A magnetic parts 
and scrap conveyor with a belt that 
elevates small ferrous parts and 
scrap from production machines to 
containers at space saving inclines 


up to 72° is now manufactured by 
the Rapids-Standard Co., Inc. It has 
a box channel main bed section 4 ft 
long of % in. thick aluminum. 
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15—CAMERA: A high temperature 
X-ray diffraction powder camera has 
been developed by Central Research 
Laboratories, Inc., designed for gen- 


eral purpose investigations of sub- 
stances at controlled elevated tem- 
peratures up to 1000°C. 


16—METAGRAPHIC INSTRU- 
MENTS: A three-part pneumatically 
operated instrument system known 
as the Metagraphic System has been 
announced by the Bristol Co. Units 
are: A transmitter, receiver (re- 
corder or indicator), and controller. 
The instruments measure, indicate, 
record, and control pressure, vac- 
uum, liquid level, differential pres- 
sure, and flow. 


Free Literature 


20—RADIOGRAPHY: Guide for 
X-raying steel, magnesium, and alu- 
minum is available from E. I. Du 
Pont De Nemours & Co. Recommen- 
dations as to type of film and expo- 
sure is included. 


21—DEMINERALIZER: Publication 
of a catalog describing the entire 
line of mixed bed, two bed, and four 
bed demineralizers of the Barnstead 
Still & Sterilizer Co. is available. 
Dimensional and performance data 
on all models are given. 

22—TEMPERATURE CONTROL: 


Data sheet 5.2-4a issued by Minne- 
apolis-Honeywell Regulator Co., de- 


scribes the Brown automatic pro- 
gram system for time temperature 
control of recirculating stress reliev- 
ing furnaces. 


23—JALCASE: Cold finished case 
hardening Jalcase steels are the sub- 
ject of a booklet published by Jones 
& Laughlin Steel Corp. The 10 
grades of this free machining open 
hearth steel with mechanical proper- 
ties for high quality machined parts 
are described. 


24—TUBING: A folder issued by the 
Babcock & Wilcox Co., tubular prod- 
ucts div. lists the analyses and 
mechanical properties of 29 carbon, 
alloy and stainless tubing steels used 
in various types of heat exchangers 
and condensers. 


25—CEMENTED CARBIDES: A 
new edition of the Carmet methods 
manual on cemented carbides has 
been issued by the Allegheny Lud- 
lum Corp. Information on tool de- 
sign, brazing, grinding, chip breakers, 
coolants and other reference data are 
contained in the booklet. All grades 
of Carmet are listed including tung- 
sten, titanium, and tantalum car- 


_ bides, 


26—FIRE PROTECTION: Advan- 
tages of the Blaw-Knox automatic 
fire protection system are stressed in 
bulletin 2426. Water, fog, foam, and 
carbon dioxide systems are discussed 
and illustrations are shown of the 
new spray sprinkler and other de- 
vices installed by the company. 


27—UNALLOYED TI: Properties of 
commercially pure, unalloyed tita- 
nium produced by Mallory-Sharon 
Titanium Corp., are given in publi- 
cation issued by firm. Recommended 
techniques for fabricating and form- 
ing titanium sheet are given. 


28—VACUUM CLEANING: Indus- 
trial dust problems and a complete 


Journal of Metals 
29 West 39th St. 
New York 18, N. Y. 


Please send me 
Price Data 
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line of vacuum cleaning equipment 
designed to combat it are contained 
in bulletin A-939 issued by U. S. 
Hoffman Machinery Corp. Portable 
separators, water traps, material in- 
take valves, electric bag shakers, and 
rotary discharge valves are individu- 
ally described. 


29—CONTROL INSTRUMENTS: 
Bulletin listing furnace and oven 
control instruments carried in stock 
by Bristol Co. has been published. 


30—GALVANITE: Sharon _ Steel 
Corp.'s special hot dipped, zinc coated 
strip steel Galvanite is described in 
booklet. 


31-S MONEL: Technical booklet on 
the engineering properties of S 
Monel has been released by Inter- 
national Nickel Co., Inc. It is an age 
hardenable casting alloy that pro- 
vides unusual strength, hardness and 
antigalling properties at tempera- 
tures up to 1100°F. 


32—LABORATORY PLANNING: 
Better Laboratory Planning may be 
obtained from Scientific Apparatus 
Makers Assn. Laboratories ranging 
from industrial, college and hospital 
layouts to secondary school and re- 
search and development laboratories 
are described. 


33—AL ALLOY CASTING: Bulletin 
165 published by American Smelting 
& Refining Co., federated metals 
div., has information on casting of 
aluminum alloys. Subjects as effect 
of moisture, shrinkage, dross, pour- 
ing temperature, and test bars are 
thoroughly discussed from the found- 
ryman’s viewpoint. 


34—MUFFLE FURNACE: Vertical 
type muffle furnaces are described in 
bulletin issued by Surface Combus- 
tion Corp. Construction drawings, 
typical applications with types of 
parts being heat treated are shown, 
and descriptions of accompanying 
equipment are included. 


35—STAINLESS SELECTOR: Se- 
lector chart for stainless steel has 
been printed by Crucible Co. of 
America. A comparison of stainless 
physical and mechanical properties, 
and elevated temperature properties 
is given. Important characteristics 
of stainless are also included. 


36—SORBO-CEL: Johns-Manville 
has issued a brochure on the use of 
Sorbo-Cel, a specially treated Celite 
diatomite filter aid for removing 
emulsified oil from condensate or 
process water. Case histories are in- 
cluded. 


37—LABORATORY OVEN: The 
complete line of Fisher Scientific Co. 
isotemp ovens is listed and described 
in bulletin FS-230. It summarizes 
the basic studies in heat transfer 
that led to turning the conventional 
box heated by warmed air into a 
uniform temperature apparatus 
heated by its own aluminum walls. 


Title 


MILL PRODUCTS 


The most complete line 
in Aluminum 


While you buy screw machine stock by the pound, you machine 
it by the foot. Because a pound of aluminum gives you 
three times more feet of stock than a pound of brass, you get 
more material for your money. 
You can get high production rates, too. Surface speeds are 
frequently higher than those used for most other metals; 
1000 feet per minute is common and the figure runs even higher 
with carbide tools. 
Although aluminum needs no special finishing for good 
appearance, it takes any finish. You can polish, buff, 
brush or burnish it. You can use anodic treatments for extra 
corrosion resistance and for a wide range of colors. Or 
you can electroplate with other metals to match companion parts. 
Alcoa, pioneer in aluminum, has developed four screw 
machine alloys, each outstanding. Alcoa 11S-T3 is the 
general-purpose free machining alloy. Stronger Alcoa 17S-T4 is 
best for deep hole drilling. Alcoa 24S-T4, even stronger 
than 17S-T4, is used for aircraft and other high-strength 
applications. Alcoa 61S-T6 provides high corrosion 
resistance and is best for anodic treatments. Your local Alcoa 
sales office can draw on the world’s greatest fund 
of aluminum knowledge to advise you on alloy selection 
and production techniques. Or write: ALUMINUM COMPANY 
or America, 878-D Alcoa Building, Pittsburgh 19, Pa. 


Combines low cost with 
ease of machining; takes 
any finish. 


YOUR ALCOA DISTRIBUTOR HAS ALCOA 


STANDARD WAREHOUSE ITEMS IN STOCK A L | oO A 


ALCOA ON TV brings the world to 
ALUMINU RA 
fecturing Edward R. Murrow, 

Tuesday evenings on most CBS-TV stations. ALUMINUM COMPANY OF AMERICA 
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e Crucible Steel Co. of America and 
National Research Corp. have joined 
forces to accelerate development of 
vacuum melting of steels and other 
alloys. Crucible acquired a 50 pct 
interest in Vacuum Metals Corp., 
formerly a wholly-owned subsidiary 
of National Research. Vacuum Met- 
als is the only firm producing vac- 
uum melted steels and other metals 
commercially. New vacuum melting 
facilities including a 6000 Ib daily 
capacity furnace will be constructed 
at Syracuse, N. Y. under an expan- 
sion program expected to add 500 


CONSULT US ON YOUR 
NEXT BLASTING PROBLEM 


forced prices down. Most prominent 
customers benefiting will be major 
builders of military airframes. 


pet to Vacuum Metals capacity 
within the next 12 months. Pres- 
ent production facilities permit out- 
put at a rate in excess of $1 million 
annually. Vacuum Metals will con- 
tinue operation of furnaces at Cam- 
bridge, Mass. 


e Detroit Steel Corp. completed 
final steps in its $60 million mod- 
ernization and expansion program 
at the Portsmouth div. with the 
start of operations of its new open 
hearth shop consisting of four 250- 
ton furnaces. Simultaneously, the 
new 44x110 in. hi-lift blooming mill 
and ten 18 ft diam soaking pits were 
also started. 


e Titanium Metals Corp. reduced 
prices for titanium metal mill prod- 
ucts an average of more than 12 pct 
for commercially pure sheet and 
plate. The company stated that ex- 
panding production and continuous 
mill rolling of titanium sheet have 

— e Kropp Engineering Products, sub- 
sidiary of Kropp Forge Co., is in- 
stalling $1% million worth of new 
machinery and equipment which will 
enable the company to perform all 
types of ferrous and nonferrous met- 
als machining. Installation is expect- 
ed to be complete about May 31 and 
will include an enlarged research and 
engineering dept. Equipment being 
installed includes milling machines, 
lathes, grinders, shapers, diesinking 
equipment, drill presses, tool grind- 
ing and sand blasting equipment, 
magnaflux and ultrasonic testing 
equipment, and precision jig bore 
equipment. 


e Primary purpose of a study being 
carried on at the University of Pitts- 
burgh Schools of Engineering and 
Mines is the acquisition of knowledge 
concerning difficulties in restoring 
blast furnaces to normal operation 
after shut-down. William M. Bailey 
Co., makers of steel plant equipment, 
gave the initial impetus to the study 
last year with a $15,000 grant, and 
renewed the grant this year. 


e An 8400-lb die section, 50 in. in 
diam, will be used in a giant tube 
reducing machine to go into opera- 
tion early this summer at Tube Re- 
ducing Corp., Wallington, N. J. The 
die is the largest of its type ever 
constructed. The new tube reducer 
is one of a pair that will make avail- 
able for the first time cold finished 
compression-formed precision tubing 
from 5% to 17 in. OD. The die was 
made at the Midvale Co., Philadel- 
phia. The giant tube reducers are 
the major machines in a $10% mil- 
a lion naval industrial facility spon- 
Be sored by the U. S. Navy Bureau of 
Aeronautics. 
BREAKING (0. 


e Heppenstall Co., steel forging 
manufacturer, purchased the former 
Chapman-Price steel plant in Indi- 
anapolis for a reported $500,000. R. B. 
Heppensta}i, president, described 
the purchase as part of a $2 million 
expansion program. The newly ac- 
quired plant consists of six manu- 
facturing buildings and a two story 
office building on a 30 acre tract 
adjoining Pennsylvania Railroad 
tracks. 


Allentic 14674 
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Prepared to serve you 
with meximum efficiency = 
ANYWHERE at ANYTIME! GENERAL 
| Avetve ©, 23,40 
«PITTSBURGH 19, PA, 
Suite 704, 580 Grant 


REGISTERED TRADE MARK 


by CARBORUNDUM 


REGISTERED TRADE MARK 


THE LADLE ADDITION | 


that reduces segregation 


and improves quality 


wes 


For Free Technical Bulletin 
Call your nearest Distributor: 


KERCHNER, MARSHALL & CO. 
PITTSBURGH © Cleveland ¢ Buffalo 
Philadelphia ¢ Birmingham ¢ Los Angeles 


MILLER & COMPANY 
CHICAGO « St. Louis ¢ Cincinnati 
WILLIAMS & WILSON 
TORONTO ¢ Montreal © Windsor 


OR write to 
The Carborundum Company, 
Dept. 84, Niagara Falls, N. Y. 


*® In Canada, “Carborundum” and “Ferrocarbo” 


ore registered trademarks of C dian Car 
Company, Ltd., Niegora Falls, Ontario 
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Quality of modern detergents 
is accurately controlled with 
G-E x-ray diffraction units 


HE girl's hands in the above photograph are loading 

a sample holder in the laboratory of a detergent man- 
ufacturer. Every day carload shipments of these washday 
products must be checked to insure housewives of un- 
varying quality, 


This is an exacting job because the modern detergent General Electric XRD- 3D provides a direct measure- 
is amixture of perhaps half dozen sodium polyphosphates. ment of the diffracted intensities of crystalline ma- 
These vary considerably in their properties, even though terials. Variations of the basic unit permit the re- 
chemically similar. By providing a fast, exact, low-cost cording of the results on film and also the direct 
analysis of their crystalline structures, x-ray diffraction measurement of fluorescent x-ray spectra. 


overcomes a formidable laboratory problem. 

Many other industries now look to x-ray diffraction for 
both research and production control. On such widely 
diverse products as antibiotics and ceramics, paper and You can put your confidence St ams 
titanium, plastic and petroleum — this flexible, yet highly 
accurate, non-destructive tec hnique ts used. G E N ia R AL E LE CT e | C 

If crystal structure, atomic configuration or molecular 
Orientation are factors in the materials you process, get all 
the facts on x-ray diffraction. See your G-E x-ray repre- 
sentative, or write X-Ray Department, General Electric 


Company, Milwaukee 1, Wisconsin, Room AY-44. 
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Morgan-lsley 
Combustion Control 


has been installed on four 210 ton 
furnaces at Lone Star Steel Co. 
Lone Star, Texas 


The cellar of the Lone Star Open Hearth is 
a superintendent's dream. A depressed track 
to unload palletized refractories from cars runs 
from end to end. No reversing valves; no 
fans; no air piping, and no boilers with their 
auxiliaries to impede traffic or prevent storage 
of refractory materials and spares. 


In addition, the absolute control of draft, and 
accurate metering of combustion air, 

with a possible generous increase in 

air temperature, makes for unusually 

high tonnage rates and low fuel con- 
sumption. 


ROLLING MILLS * MORGOIL BEARINGS + REGENERATIVE FURNACE CONTROLS * EJECTORS * PRODUCER GAS MACHINES 
H.H. Wood, Rep., Koppers Bldg., Pittsburgh, Pa. English Rep., International Construction Co., 56 Kingsway, London W. C. 2, Eng. 


uno CONSTRUCTION COMPANY worcester, mass. 


APRIL 1954, JOURNAL OF METALS—407 


iy 
‘ 
. 
gf 
‘ 
“Fs 
ree 
to. 
| 


Annual Steel Capacity (Ingots and Steel for Castings) As of Jan. 1, 1954 


Open Hearth Bessemer Electric and Crucible Totel 
Annual Annual Annual : Annual 
Capacity Capacity Capacity Capacity 
Company No. Net Tons No. Net Tons No. Net Tons Net Tons 


Alan Steel Co. 8 625,000 625,000 
Allegheny Ludium Steel Corp. 6 240,000 28 624,200 864,200 
American Locomotive Ce. 6 181,000 181,000 
Armee Steel Corp. 25 2,762,000 4 406,000 3,168,000 
"Sheffield Steel Corp. 4 1,434,000 2 300,000 1,734,000 
Atlantic Steel Coe 3 188,000 1 112,000 300,000 
Babcock & Wileex Ce. 4 229,450 229,450 
Baldwin-Lima-Hamiiten Corp. 5 169,920 le 40 169,960 
Barium Steel Corp 
*Central Iron & Steel Co. 5 360,000 1 46,000 406,000 
"Industrial Forge & Steel, Ine. 2 48,600 48,600 
*Phoenix tron & Steel Co. 6 432,000 432,000 
Steel Corp. 
*Bethichem Steel Ce. 126 17,106,000 3 336 000 4 158,000 17,600,000 
*Bethichem Pacific Coast Steel Corp. 10 498 000 3 402.000 900,000 
Borg -Warner-Corp. 4 64,000 64,000 
Braeburn Alloy Steel Corp. 2 20,730 20,730 
Byers Co., A.M 2 75,000 75,000 
Cabot Shops, inc. 1 12,000 12,000 
Cameron tron Works, Ine. 2 58,800 58,800 
Carpenter Steel Co 7 85,800 85,800 
Colorado Fuel & tron Corp. 27 2,231,570 2,231,570 
*Reebling's Sens Corp., J. A. 4 235,000 235,000 
Columbia Teel Steel Co. 2 6,600 6,600 
Connors Steel Co 3 67,500 67,500 
Continental Steel Corp. 5 394,000 394,000 
Copperweld Steel Co. 7 618,380 618,380 
Crucible Steel Co. of America oo) 972,000 17 379,400 1,351,400 
Damascus Tube Co. 3 1,800 1,800 
Detroit Stee! Corp 14 1,290,000 1,290,000 
Disston & Sens, Inc..H. 2 25,000 25,000 
3 32,000 32,000 


Eastern Stainless Steel Corp. 
Edgewater Steel Co. 3 89,890 89,890 
Empire Steel Corp. 7 455,000 455,000 
Erte Forge & Steel Corp. 5 234,000 234,000 
Fink! & Sons Co., A. 2 33,600 33,600 
Firth Sterling, Inc. 3 20,040 20,040 
Ford Moter Co 10 1,531,000 5 224,000 1,755,000 
Granite City Steel Co. 16 1,290,000 1,290,000 
Green River Steel Corp. 2 241,920 241,920 
Harrisburg Steel Corp. 3 100,750 100,750 
Heppenstall Co 2 50,470 1 5,080 55,550 
Hoster Steel Corp. 16,920 16,920 
Inland Steel Co 40 4,700,000 4,700,000 
International Harvester Co. ll 1,000,000 1,000,000 
Isaacson Iron Works 2 102,000 102 000 
Jessop Steel Co. 4 33,490 33,490 
Jones & Laughlin Steel Corp. 37 5,823,000 3 582,000 1 1,500 6,166,500 
3 37,500 37,500 


Joslyn Mig. & Supply Ce. 
Judson Steel Corp 


° 

Kilby Steel Co. 1 34,020 34,020 
Knoxville Iron Co. 2 38,000 38,000 
Laclede Steel Co 4 440,000 

Latrobe Steel Co. 5 24,000 24,000 
LeTourneas, Inc., R. G. 3 83,100 83,100 
Lone Star Steel Co. a 550,000 550,000 
Lukens Steel Co 12 750,000 750.000 
MeLouth Steel Corp. 6 967,780 967,780 
Mesta Machine Co. 85,000 1 20, 105,000 
Midvale Ce 4 180,600 +7 172,770 353,370 
Milton Steel Products Div. 

Merritt-Chapman & Scott Corp. 2 43,000 43,000 
National Forge & Ordnance Co. 3 25,000 25,000 
National Steel Corp 

*Great Lakes Steel Corp. 17 3,400,000 2" 3,400,000 

* Weirton Steel Co. 13 2,600,000 2" 2,600,000 
National Supply Ce. 3 50,200 50,200 
Newport News Shipbuilding & Dry Dock Co. 5 12,000 12,000 
Newport Stee! Corp 7 375,300 3 333,200 708,500 
Northwest Steel Rolling Mills, Inc. 2 42,000 42,000 
Northwestern Steel & Wire Co. 5 825,000 825,000 
Obie River Steel Div., L. Berkman Co. 4 136,080 136,080 
Oregon Steel Mills 3 110,000 110,000 
Pacific States Steel Corp. 3 181,770 181,770 
Pittsburgh Steel Co. 12 1,404,000 1,404,000 
Republic Steel C 78 8,222,000 2 665,000 26 1,375,000 10,262,000 
Rotary Electric Steel Co 6 425,000 425,000 
Sharon Steel Corp 17 1,478,000 2 72,000 1,550,000 
Simends Saw & Steel Coe. 3 21,600 21,600 
Southwest Steel Rolling Mills 1 45,000 45,000 
Stanley Works 3 188,280 188,280 
Texas Steel Co. 2 36,000 36,000 
Timken Roller Bearing Co. 9 648,000 648,000 
Union Electric Steel Corp. 2 26,760 26,760 
U. &. Steel Corp. 

*U. 8, Steel Corp., Central Operations 183 24,664,000 & 1,284,000 9 357,000 26,305,000 

"American Steel & Wire Div. 26 2,275,000 2,275,000 

*Columbia-Geneva Steel Div 19 2,482,000 1 12,000 2,494,000 

*National Tube Div 15 2,700,000 6 1,110,000 3,810,000 

*Tennessee Coal & tron Div. 23 3,831,000 Si 3.831.000 
Universal-Cyclops Steel Corp. 5 70,160 70,160 
Vanadium-Alleys Steel Ce. 3 11,910 11,910 

*Colontal Steel Co. 2 30,000 30,000 
Vulean Crucible Steel Co. 2 9,600 9.600 
Washbern Wire Co. 2 4 93,600 93,000 
W. Va. Steel & Mig. Co. 1 68,000 68,000 
Wheeling Steel Co Bi 1,560,000 2 570,000 2,130,000 
Wickwire Brothe 1 19,830 19.830 
Voungstown Sh & Tube Co. 41 5,260,000 2 240,000 5,500,000 

Grand Total 944 109,094,730 334 4,787,000 256° 10,448,680 124,330,410 


* Indicates subsidiary * Crucible furnace. © Used in melting charge for open hearth furnaces. © Includes 3 converters used only 
in melting charge for open hearth furnaces. 4 Includes 10 converters used only in melting charge for open hearth furnaces. 


* Includes 1 crucible furnace, annual capacity, 40 tons 
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It’s Experience 
that Counts 
in Building 
Vacuum Furnaces 


Fifty years of working with 

vacuum techniques . . . fifty years of 
building practical vacuum equipment. . . 

plus sixty years of making precision machinery 
... are Stokes’ unique background for the 
production of efficient vacuum furnaces. 


Stokes vacuum furnaces of many types are available 

for melting and casting gas-free metals of extreme purity, 

high ductility and great strength; for sintering, 

annealing and degassing. Designs include furnaces for top 

or bottom pouring, for simple or multiple ingots, 

for centrifugal casting. We build tilting type induction-heated 
melting furnaces of 10 to 1000 pounds capacity; movable retort 
resistance-heated furnaces for degassing and annealing in 10, 20 and 
30-inch retort sizes; two-zone furnaces with movable boat; and others. 


Stokes Vacuum Furnace designs provide for future as well as 
for immediate needs. Ports for extra pumps, leads for extra 

heat input, room for larger crucibles, etc., are engineered into 
original equipment so that growing requirements and changing 
conditions can be met at minimum cost. 


Write for the latest information on Stokes Vacuum Furnaces. 
Above all, visit the Stokes plant at Philadelphia and see 
at first hand the finest engineering and manufacturing 
facilities in the vacuum furnace manufacturing field. 


F. J. Strokes MACHINE COMPANY 
PHILADELPHIA 20, Pa. 


A Stokes induction-heated 
vacuum melting furnace. 


lee. 


Operator reg 
pump from central control 
panel. This is one of a battery 
of 16 Stokes Vacuum Furnaces 
in a major installation. 


STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment 
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Annual Capacity of Blast Furnaces as of Jan. 1, 1954 


Pig Iron Ferroallo 
Total 
Annual Annual Annual 
Company No. of Capacity Capacity Capacity 
Stacks Net Tons Net Tons Net Tons 
Alan Weed Steel Co. 2 454,800 454,800 
Armee Steel Corp. 6 1,828,000 1,828,000 

*Shefield Steel Corp. 1 ,000 360,000 
Bar.um Steel Corp. 

*Chester Blast Furnace, Inc. 1 200,000 200,000 
Berkman Ce., L. 1 136,800 136.800 
Bethiehem Steel Co. 33 12,184,000 216,000 12,400,000 
Colorade ruel & Iron Corp. 7 1,423,760 1,423,760 
Crucible Stee! Co. of America 3 895,000 835,000 
Detroit Steel Corp. 2 768,700 768,700 
Eastern Gas & Fuel Associates 1 191,100 191,100 
Ford Moter Ce. 3 1,120,000 1, 
Glebe Iron Co. 1 100,000 
Granite City Steel Co. 2 450,000 450.000 
Inland Steel Co. 8 2,638,950 2,638,950 
Interlake Iron Corp. 6 1,540,130 1,540,130 

3 731,000 731,000 

1 95,000 95.000 

13 4,467,000 4,467,000 

3 1,314,000 1,314,000 

Lavine & Co., E. J. 112,000 112,000 

Lene Star Steel Co. 1 385,000 385,000 
National Steel 

*Great Lakes Steel Corp. 4 1,680,000 1,680,000 

*Hanna Furnace Corp. 850, 850,000 

* Weirton Steel Co. 4 2,000,000 2,000,000 
New Jersey Zine Co. 112,000 112,000 
Pittsburgh Coke & Chemical Co. 3 836,500 836,000 
Pittsbergh Steel Co. 3 954,000 954,000 
Republic Steel Corp. 22 7,220,000 7,224,000 
Sharon Steel Corp. 3 709,620 709,620 
Shenange Furnace Co. 2 445,450 445,450 
Tennessee Products & Chemical Corp. 3 217,740 217,740 
Tenawanda Iren Div. 1 171,000 171,000 
U. &. Steel Corp 491,710 491,710 
U. Pipe & Foundry Co. 

*U. 8. Steel CoP Central Operations 53 18,379,400 322,800 18,702,200 

*American Steel & Wire Div. 6 1,429,400 1,429,400 

*Columbia-Geneva Steel Div. 5 1,682,700 1,682,700 

*National Tube Div. g 3,122,800 3,122,800 

*Tennessee Coal & Iron Div. 9 3,028,000 35,000 3,063,000 
Wheeling Stee! Corp. 6 1,800,000 1,800,000 
Woodward Iron Co. 4 772,630 772,630 
Youngstown Sheet & Tube Co. 13 4,129,400 4,129,400 

Grand Total 260 81,203,590 797,800 82,001,390 


Annual Coke Capacity as of Jan. 1, 1954 


Beehive Other Tent 


Annual Annual Annual 
Company No. of Capacity No. of Capacity Capacity 
Ovens Net Tons Ovens Net Tons Net Tons 


Alan w 00d Steel Co. 
186 990,000 920,000 


Armee Steel Corp. 

*SheMeld Steel Corp. 62 318,000 318,000 
Bethichem Steel Co. 2,208 11,330,000 11,334,000 
Colerade Fuel & Iron Corp. 266 1,220,000 1,220,000 
Crucible Steel Co. of America 213 831,600 831.600 
Detroit Steel Corp. 108 550,000 550,000 
Eastern Gas & Fuel Associates 108 666,000 636 000 
Ford Moter Ce. 220 1,372,650 1,372,650 
Granite City Steel Co. 76 450,000 450,000 
Inland Steel Co. 418 2,143,400 2,143,400 
Interlake Iron Corp. 390 1,494,000 1,494,000 
International Harvester Co. 148 664,300 664,300 
Jones & Laughlin Steel Corp. 831 4,068,000 4,068,000 
Kaiser Steel Corp. 297 100,000 225 1,006,000 1,106,000 
Lene Star Steel 78 438,000 438,000 
National Steel Co > 

*Great Lakes Steel Corp. 216 1,600,000 1,600,000 

*Hanna Furnace Corp. 128 661,500t 661,500t 

*Weirton Coal Co. 136 120,000 120,000 

* Weirton Steel Co. 249 1 620,000 1,620,000 

gh Coke & Chemical Co. 140 1,000,000 1,000,000 

burgh Stee! Co. 574 426,000 ™4 500,000 926.000 
Republic Steel Corp. 215,000 1,222 6,663,500+ 

Sharon Steel Corp. 60 225,000 5.000 

*Carpentertewn Coal & Coke Co. 585 375,000 375.000 
Tennessee Products & Chemical Corp. 150 800,000 809,000 
U. 8. Pipe & Foundry Co. 44 251,500 251,500 
U. 8. Steel Corp. 

*U. 8. Steel Corp., Central Operations 2.912 2,073,750 3,183 15,317,070 17,390.820 

*American Steel & Wire Div. 670 -332,670 

*Columbia-Geneva Steel Div. 308 1,212,300 1.212.300 

*National Tube Div. 385 1,766,750 1,766,759 

*Tennessee Coal & Iron Div. 572 2,945,550 2,945,550 
Wheeling Steel Corp. 314 1,720,000 1,729,000 
Woodward Iron 256 938,000 938, 
Voungstewn Sheet & Tube Co. 655 3,234,000 3,234,000 

Grand Total 4,800 3.309.750 13,937 69,929,790 73,239,540 

* Indicates subsidiary. t Includes 50 pct of coke capacity of Donner-Hanna Coke Corp., Buffalo, N. Y 


Acknowledgment is given to the American Iron & Steel Institute for permission to publish these official capacity figures. All data were 
compiled by AISI, and are correct as of Jan. 1, 1954. 
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LUCK....OR SKILL? 


OU can’t tell from one shot. An expert marksman earns his. 
rating by repeated hits. Here at McKee we have earned our 
reputation for doing a good job by repeatedly doing @ good job. 


McKee services mean correct design, sound engineering, expedi- 
tious purchasing and efficient construction... in short, a plant 
that’s designed and built to earn a profit. 


® e Arthur G. McKee & Company « Engineers and Contractors 

C Pe fl neerin Headquarters: McKee Building 2300 Chester Avenue e Cleveland 1, Ohio 

: Offices: New York Tulsa, Oklahoma Union, N. J. Washington, D. C. 
British Representatives of Metals Division: Head, Wrightson & Co., Limited 


Services ' G. McKee & Company of Canada, Ltd., 350 Bay St., Toronto 
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Non-Ferrous Foundry Metallurgy, 
edited by A. J. Murphy. Pergamon 
Press. 498 pp., 1954.—Designed to be 
a reference book, the work covers 
the whole field of nonferrous foundry 
metallurgy through coordinated con- 
tributions by specialists. It incor- 
porates both U. S. and European 
practice with treatment on the level 
of university text. While orientation 
is that of metallurgical engineering, 
scientific principles of fundamentally 
good foundry practice have been 
stressed. Sections on various alloys 
go beyond bare description of me- 
chanical properties and specifications 
and are aimed at use in industry. 


Magnetic Cooling, by C. G. B. Gar- 
ret. Published jointly by John Wiley 
& Sons, Inc., and the Harvard Uni- 
versity Press. $4.50, 110 pp., 1954.— 
The book presents a balanced review 
of work done in England, Holland, 
and the U. S. in that branch of phys- 
ics concerned with the study of prop- 
erties of matter at temperatures be- 
low 1° absolute. Particular attention 
is paid to progress made during the 
last decade and stress is given to 


PROFESSIONAL SERVICES 
Limited to AIME members, or to com- 
ponies that have at least one AIME 
member on their staffs. Rates $40 per 

year per inch. 


SCIENTISTS 

CONSULTANTS 

METALLURGISTS 
Small Jobs Welcomed 


SAM TOUR & CO., INC. 


Laboratories and offices 
44 Trinity Place, New York 6, N. Y. 


Testing—Certifying 
American Standards 
Testing Bureau, Inc. 


HANS NEUBERT 
PRECISE PROMPT 
TECHNICAL TRANSLATIONS FROM GER- 
MAN, SPANISH, FRENCH INTO ENGLISH 
FIRST TWO TYPEWRITTEN PAGES $3.00 
EACH INTRODUCTORY PRICE. REGULAR 
PRICE THEREAFTER 3 CENTS PER WORD. 
31 Hilltop Ave. Clerk-Rehwey, N. J. 


MAX STERN 
Consulting Engineer 
Expert for Scrap Recovery and Ship- 
wrecking — Modernization of Plants 
and Yards for Ferrous and Nonferrous 
Metal! Scrap 
149 Broedwey New York 6, N. Y. 
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Books for Engineers 


experimental and theoretical aspects 
of the subjects to which the author 
personally contributed. 


Rolling Mills, Rolls and Roll 
MacKintosh-Hemphill Co. $5.00, 108 
pp., 1954.—While placing emphasis 
on modern roll manufacture, the 
book also offers a history of early 
efforts to form metals. Historical 
material is blended in to give a 
clearer picture of contemporary 
methods. The book serves to throw 
open the doors of a modern Ameri- 
can shop in its discussion of produc- 
tion of cast iron and cast steel rolls, 
from furnace to shipping platform. 
Some 200 photographs and drawings 
serve as illustrative material. 


Fundamentals of the Working of 
Metals, by G. Sachs. Pergamon 
Press. 166 pp., 1954.—Intended for 
students and practical engineers, the 
textbook is a concise collection of 
the basic facts of working metals by 
forging, rolling, drawing, and other 
processes. Chemical, metallurgical, 
and mechanical phenomena are 
covered and correlated. Principles 
rather than individual facts are 
stressed. Complex relations which 
determine success or failure of a 
forming process are analyzed. Efforts 
of speed, temperature, composition, 
and structure are elaborated upon. 
Forming processes ranging from ten- 
sion and compression to gang-die 
forming and continuous rolling are 
also discussed. 


Differential Equations in Engineer- 
ing Problems, by Mario G. Salvadori 
and Ralph J. Schwarz. Prentice-Hall, 
Inc. $8.65, 432 pp., 1954.—Featuring 
a practical approach to the study of 
differential equations as applied to 
engineering problems, the book in- 
troduces new topics and techniques 
through a practical engineering ex- 
ample, where possible. The approach 
is the viewing of differential equa- 
tions as a tool in solving engineering 
problems, rather than a topic of in- 
terest in itself. The authors begin 
with a detailed treatment of funda- 
mentals. The book contains numer- 
ous illustrations supplementing and 
clarifying the text. Problems are 
also given in most chapters to im- 
plement text discussions. 


Metallurgy of Welding, by W. H. 
Bruckner. Pitman Publishing Corp. 
$6.00, 290 pp., 1954.—Mainly con- 
cerned with the metallurgy of weld- 
ing, it is hoped the book will also 
serve to make the engineering pro- 
fession in general more aware of the 
varied problems involved in the 
welding of metals. With the help of 
background supplied by the text it 
is felt that the specification of metals 
for welding, the design of a welding 


ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Department. Ten per cent discount 
given whenever possible. Order Gov- 
ernment publications direct from the 
agency concerned. 


joint, the compounding of a coating 
for metallic electrode used in weld- 
ing, and a host of other considera- 
tions will be better understood. 


Steel Construction, fifth edition. 
American Institute of Steel Con- 
struction. $3.00 (thumb index) $2.00 
(plain) 432 pp., 1953.—The book has 
been designed to provide maximum 
convenience for the estimator, de- 
signer, and the detailer, rather than 
to adhere to a strictly academic 
classification. Part I contains data 
most frequently used by structural 
estimators and designers. In general 
this section includes products usual- 
ly figured individually. Part II con- 
tains information not found in Part 
I used in making shop drawings. 
Part III presents tables of allowable 
loads for stipulated conditions based 
on the unit stresses permitted by the 
AISC Specification. Part IV con- 
tains standards and codes commonly 
applicable to steel buildings. Part V 
contains tabulated data needed only 
occasionally. 


Metallurgy of the Rarer Metals, No. 
1, Chromium; No. 2, Zirconium, by 
A. H. Sully and G. L. Miller, respec- 


tively. Academic Press, Inc. $5.50 
and $7.50, 272, 383 pp., 1954.—These 
books are the first and second of a 
series that will cover titanium, mo- 
lybdenum, platinum, and others. The 
history and occurrence of the metals 
is discussed as well as production, 
physical properties, melting prac- 
tices, and other pertinent data. 


Induction and Dielectric Heating, by 
J. Wesley Cable. Reinhold Publish- 
ing Corp. $12.50, 620 pp., 1954.— 
Divided into major sections, dealing 
with induction and dielectric heating 
respectively, the book contains suf- 
ficient theory to enable the reader to 
understand fully the basic phenom- 
ena applicable to both methods. Sub- 
ject divisions are: Forging, melting, 
brazing, hardening, and other metal- 
working operations in which induc- 
tion heating plays a part. 


Engineering Alloys, by Norman E. 
Woldman. American Society for Met- 
als. $15.00, 1034 pp., 1954.—This re- 
vised edition is in four sections. It 
contains an alphabetical list of alloys 
with corresponding serial numbers; 
alloy trade names, composition, etc.; 
list of manufacturers and summary 
of alloys produced by each. 
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The troubles of producing low carbon steels 
have been mainly confined to rolling and surface 
preparation. 

Since production economies are necessary, 
it’s important to know what marked improve- 
ments have recently been obtained by Rare 
Earths in steel production. Minimizing bloom- 
ing mill cracking, less conditioning time per 
ton, and increased yields are some of the results 
already proven. More than 200 production heats 
of low carbon steel show production savings 


CORPORATION OF AMERICA 


Offices: Pittsburgh, 


which alert steel operators can use to advantage. 

This recent progress further justifies eco- 
nomical rare earth additions for iron and steel. 
Commercially known as RareMeT Compound, 
it is conveniently packaged in ten pound 
containers. 

Operating the world’s largest rare earth 
deposits, Molybdenum Corporation of America 
welcomes requests for additional technical appli- 
cation data for specific problems. Complete and 
immediate response to inquiries is offered. 


Pittsbargh 19, Pa. 


, Detroit, Los Angeles, New York, Son Francisco 


Chicago, 
ives: Edgar |. Fink, Detroit; Brumiey-Donaidson Co., Los Angeles, San Francisco 


Soles Representatives 
Subsidiary: Cleveland Tungsten, inc., Cleveland 


Pionts: Washington, Pa. York, Po, 
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An overlay Yq" thick and 2” wide being deposited in the confined area of 
a 10"-diameter steel cylinder. Actual welding takes about twenty minutes. 
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The problem of depositing special alloys that are hard 
to draw and spool for use with the Aircomatic process 
is neatly answered by the use of stranded wire, an 
Airco development. In the wire used for these alumi- 
num-bronze overlays, two strands of copper and one of 
aluminum are wound around a fine iron core. Melted 
by the arc, the component metals mix and alloy them- 
selves into aluminum bronze of the correct analysis. 
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NEW STRAND-ALLOY “WIRE” DEVELOPED BY AIRCO OPENS 
WHOLE NEW FIELD OF APPLICATIONS FOR INERT-GAS-SHIELDED WELDING 


Now, a completely new development, a stranded 
multi-metal filler wire, has opened the door to 
the welding of aluminum bronzes with the Airco- 
matic Process. This type of electrode is the answer 
where certain desirable compositions are imprac- 
tical to draw down to small diameter wires and to 
coil on spools. 

Manufacturers are using the new wire success- 
fully, with remarkable increases in speed, ease and 
weld quality that Aircomatic has consistently 
shown in depositing more ductile materials. A 
typical report comes from National Rubber 
Machinery Company, Clifton, N. J. The National 
job involved aluminum-bronze overlays on piston 


recoil sleeves for tank guns. Before Airco intro- 
duced the new stranded wire, National Rubber 
Machinery had to use conventional “stick” elec- 
trodes. The new wire and Aircomatic welding cut 
production time to less than one-third what it was 
with the old method! Moreover, each sleeve took 
only 244 pounds of wire, in contrast to six 
pounds of coated electrodes. 

Airco now offers three types of stranded alumi- 
num-bronze electrode wire, and one lead-tin- 
copper bearing alloy wire. 

For details of this and other applications of 
Airco’s amazingly fast and effective Aircomatic 
process, write your local Airco office today. 


After machining, the overlay looks like this. Aircomatic's 


Close-up of the finished aluminum-bronze overlay before 
concentrated heat input produces excellent fusion. 


machining. Note the smooth beads and the absence of spatter. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


Air 


OFFICES AND DEALERS IN MOST PRINCIPAL CITIES 


60 East 42nd Street + New York 17, N. Y. 
Air Reduction Sales Co. « Air Reduction Magnolia Co. * Air Reduction Pacific Co. 
Represented Internationally by Airco Company International 
Divisions of Air Reduction Company, Incorporated 
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N its report for the year ending Dec. 31, 1951, 
International Nickel Co. covered in one paragraph 
what it termed a major result of its research—the 
completion of a special type of furnace and auxiliary 
equipment for the flash smelting of copper. By the 
end-oef 1951, Inco reported, the project with its spe- 
cial plant for the production of oxygen was being 
operated experimentally. 

Today, Inco is doing something which has fasci- 
nated some of the best minds in the copper industry 
for years. In the patent just granted covering the 
process, the word autogenous crops up and recalls 
that in the days of high grade ore with an accom- 
panying high sulphur content many people toyed 
with the idea of making the ore smelt itself. 

What Inco is doing is tailoring the atmosphere to 
the ore rather than blending ores to meet the re- 
quirements of the atmosphere. Using pure oxygen, 
the process has done away with pulverized coal. 
No fuel is used except to preheat the furnace. 
Inco has been flash smelting on a commercial basis 
since 1952, and reports are that it has proven satis- 
factory enough to warrant a second furnace. 

The following quotations and Fig. 1, which pre- 
sents a diagram of the flash smelting process, are 
taken from U.S. Patent No. 2,668,107 dated Feb. 2, 
1954, granted to J. R. Gordon, G. H. C. Norman, 
P. E. Queneau, W. K. Sproule, and C. E. Young, 
assignors to the International Nickel Co., Inc., New 
York: 

“The present operation comprises a novel combi- 
nation of operations for either simultaneously or 
cyclically autogenously smelting two sulfide mate- 
rials of different compositions with flux, one sulfide 
concentrate being rich in nickel and/or copper and 
the other sulfide concentrate being low in nickel 
and/or copper sulfide but rich in pyrrhotite. The 
novel process utilizes the exothermic reactions oc- 
curing between metal sulfides and gases containing 
a sufficiently high concentration of free oxygen to 
autogenously smelt said sulfides and flux to produce 
matte and slag or even metal and slag.” 

“In order to initiate the exothermic reaction be- 
tween the iron sulfide fraction of the concentrate 
and the free oxygen of the gas, the furnace into 
which the mixture is injected must be preheated to 
over about 1500°F, and preferably over about 


2000°F, by means of, for example, oil, coal, or gas 
firing. 

“In that part of the process involving the auto- 
genous smelting of high-grade nickel and/or copper 
sulfide concentrate, it is desired that sufficient of the 
iron sulfide fraction be oxidized to form iron oxide 
and gaseous sulfur dioxide to produce the desired 
grade of matte, due consideration being given to 
maintenance of suitable furnace temperature, while 
at the same time it is also desired to have as little 
as possible of the nickel and/or copper sulfide con- 
comitantly oxidized into the slag. However, sep- 
aration of a major portion of the iron, as an oxide 
in the slag, from the copper and/or nickel matte is 
not commercially feasible without unavoidable pro- 
duction of slag sufficiently rich in nickel and/or 
copper to warrant recovery therefrom of these valu- 
able elements. The present invention contemplates 
as an essential feature, in novel combination with 
the aforementioned autogenous smelting of nickel 
and/or copper sulfide concentrate, the operation of 
slag-cleaning by autogenously smelting pyrrhotite 
concentrate to produce a shower of low-grade matte 
and slag which falls on the aforementioned rich slag. 

“In order to produce a low-grade, iron-rich matte 
suitable for slag-cleaning purposes .. . a portion of 
the pyrrhotite concentrate is oxidized in the pres- 
ence of flux, the remaining portion being melted by 
combustion of the portion oxidized. The molten, un- 
oxidized iron sulfide fraction of the autogenously 
smelted pyrrhotite concentrate upon coming into in- 
timate contact with the high-grade or rich slag ob- 
tained from the nickel and/or copper sulfide smelt- 
ing operation recovers nickel and/or copper values 
from the rich slag so as to obtain as a final product, 
a slag impoverished in nickel and/or copper. Thus, 
smelting nickeliferous pyrrhotite in the present 
process serves a two-fold purpose: (1) to clean slag 
rich in nickel and/or copper and (2) to recover 
nickel from the pyrrhotite itself.” 

“Copper sulfide concentrate averaging 30.6% Cu, 
1.1% Ni, 33% S, and 1.8% SiO,, was flash smelted 
as described above using as flux sand amounting to 
33.1% by weight of the copper sulfide concentrate. 
The sand contained 80% silica, and 5% of lime was 
added thereto. The amount of oxygen used amounted 
to 33% of the concentrate smelted. After each 6 


Fig. 1—A patent dia- 
gram illustrates the 


Ni-rich and/or Cu-rich 
concentrate and 


SO,-rich 
fluxing agents gas 


Pyrrhotite 
concentrate and 
fluxing agents 


simultaneous  auto- 
genous smelting of a 
high grade conc and 
flux and low grade 


pyrrhotite conc and 
flux. Tapping high 
grade matte from 


end of the furnace 
where nickel and/or 
copper conc is smelt- 
ed and slag from 


pyrrhotite end pro- 
vides countercurrent 
movement between 
matte and slag. 
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hours of this first operation, matte averaging 57.65% 
Cu and 2.03% Ni was tapped (second operation). 
The slag produced by the above operation contained 
about 0.90% Cu and about 0.15% Ni. The copper 
sulfide concentrate smelting was then discontinued 
and low copper pyrrhotite concentrate averaging 
about 1% Ni, 57% Fe, 35% S, and 2% SiO, was 
then flash smelted (third operation), using ap- 
proximately the same ratio of flux and oxygen as 
was used in smelting the copper sulfide concentrate. 
This operation was continued for 1 hour and pro- 
vided a shower of low-grade matte and slag drop- 
lets. The matte droplets removed a large proportion 
of the copper and nickel from the slag to the under- 
lying low-grade matte. The pyrrhotite used in this 
cycle amounted to 30% of the copper sulfide con- 
centrate smelted. At the end of this operation, slag 
averaging 0.35% Cu, 0.16% Ni, and 34.8% SiO, was 
skimmed (fourth operation). This cycle was then 
repeated. 

“Treatment of several thousand tons of copper 
sulfide concentrate and of nickel sulfide concentrate 
by the foregoing process showed that cost of the 
oxygen required to flash-smelt the various concen- 
trates was about one-half that of the cost of the 
coal which would have been required to smelt the 
same material by conventional methods. Further- 
more, refractory consumption was reasonable and 
was indicated to be less than in conventional prac- 
tice. The furnace exit gas contained 85% sulfur di- 
oxide by volume and was cleaned, condensed by 
compression and cooling, and the resulting liquid 
sulfur dioxide used successfully in the commercial 
production of sulfite wood pulp. Smelting of cop- 
per sulfide concentrate of the same composition by 
conventional coal-fired reverberatory furnace prac- 
tice under similar conditions would yield matter of 
much lower grade without significant compensation 
in lower slag loss.” 


HE U. S. Government-owned Nicaro nickel 
plant in Oriente Province, Cuba showed a deficit 
of about $250,000 in operating costs for the year end- 
ing June 30, 1953. At the same time it was reported 
that return from transfers of nickel to the Govern- 
ment stockpile at less than market prices resulted in 
approximately a $725,000 saving. Total income from 
nickel sales was about $11.2 million according to the 
report recently declassified by General Services Ad- 
ministration. Net operating receipts were from sales 
to industry at market prices ranging from 50.75 to 
61.75¢ per lb. Transfers to Government stockpile 
were made at 41.50¢ per Ib. 

Nicaro Nickel Co., owners of the deposits, received 
$1,648,260 in royalties at the rate of 6.301l¢ per 
lb of the nickel-cobalt content of the oxide obtained 
from the ore. It cost $1,046,156 to get the plant into 
full operation. Nicaro produced 31,220,818 lb of 
nickel in its second run which began January 1952. 
The plant was producing at the rate of 27 million 
Ib a year during the last quarter of the 12 months 


dealt with in the report. The June rate was at 28.3 
million lb per year. 

The report shows an improvement in the financial 
situation of Nicaro during the second run. During 
the 40 months of the first operation a deficit of $3 
million was incurred, compared with a $250,000 
deficit for the second run. GSA says that in terms 
of immediate out of pocket costs, the second opera- 
tion is paying its own way. That a higher level of 
output has been reached is indicated by compara- 
tive figures. GSA, in reporting to the Senate armed 
services committee, noted that the increase in out- 
put has been made possible by improvement in 
nickel recovery rate per ton of ore. 


NDUSTRIAL organizations today are recognizing 

the danger of the engineer who is a specialist, 
says Ernest E. Jenks, vice-president, Alexander 
Hamilton Institute. ‘There was a time when a knowl- 
edge of production was all that was required of a 
plant manager,” he states in an article in the maga- 
zine of the American Society of Professional Engi- 
neers. “Today, the men responsible for production 
not only manufacture an acceptable product, they 
also understand distribution to the point where they 
are able to discuss packaging with the sales man- 
ager ... and they are frequently called in to talk 
over financial problems pertaining to production.” 

Mr. Jenks points out that the major aim of one 
company training program is to make “ ‘generalists’ 
out of specialists.”” He emphasizes that problem is no 
longer one which affects only the big company. Mr. 
Jenks tells of companies who have been forced to 
got to outsiders for executive material. At least once, 
it meant a $7000 increase in salary for a small town 
engineer who had managed to study business meth- 
ods to round out his professional ability. 


This is the cell room in Electro Metallurgical Co.'s new 
electrolytic chromium plant at Marietta, Ohio. High purity 
metal is deposited on special plates employed in the process 
perfected by Electromet. Operator in the foreground is 
checking acidity of the plating solution while directly 
behind him a plate is being raised from a cell. 
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HERE is nothing like an Annual Meeting for 

bringing together the far flung members of the 
Institute for professional and social functions. 
Much can be said in favor of regional, divisional, 
and local meetings, but the color of the big meeting 
cannot be approached. For many AIME Members, 
the February meeting is their only opportunity to 
get together with Members of the other divisions 
and branches of the Institute. 

Registrants have probably recovered by now from 
the continuous round of breakfasts, luncheons, 
dinners, technical sessions and committee meetings. 
Some perhaps are still trying to figure out how to 
attend more than one of the technical sessions of 
interest that are held simultaneously. No one has 
come up with a formula for solving this problem, 
and the vast amount of information in the many 
fields that must be covered during a meeting makes 
simultaneous sessions mandatory. 

The average Member is unaware of the volume 
of Institute business that transpires during an 
Annual Meeting. Committee members spend many 
hours of their time in the service of the Institute, 
with meetings of the Council of Section Delegates, 
business meetings of AIME, Board of Directors 
meetings, branch meetings, divisional meetings, 
Divisional sub-committee meetings, and just plain 
business bull sessions. Without these generous do- 
nations of time and wisdom, the Institute could 
not function. 

We didn’t make any count, but we have it on 
good authority that some 3600 men and women 
attended the meeting. By any standard, that is a 
healthy number of people to be meeting for a com- 
mon purpose with a single organization. We would 
like to have had the opportunity to meet and talk 
with each registrant, but are resigned to the im- 
possibility of this desire. It is through the personal 
contacts that we can make, that we are able to keep 
informed, and determine how we can best serve the 
needs of the membership. 

Inasmuch as the Annual Meeting is held in New 
York every other year, the New York Local Section 
is kept quite busy. The committees of this section 
went all out this year, and outdid their own pre- 
vious meeting arrangements in scope and expense. 

The effects of the Annual Meeting will be felt far 
and wide. The majority of those attending have 
gone home with new technical ideas and new per- 
sonal contacts. Even the financial column of the 
New York Times recognized that almost everybody 
was at the meeting when they reported: “With all 
the brass at the American Institute of Mining and 
Metallurgical Engineers’ 176th general meeting in 
two mid-town hotels last week, the financial dis- 
trict was pretty barren of metals market news.” 
The new password is Chicago in °55. 


N a little while residents around Rockdale, Texas 

will be talking about the big one that got away— 
in a spot that a few years ago was, to say the least 
an unlikely place for fish—no water. But by June 1, 
the lake that Aluminum Co. of America built to 
supply water to cool generators sending power to 
the four potlines at the firm’s 170 million lb per 
year plant, will be opened and well stocked. About 
18,000 black bass and 5000 finger-length bream will 
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be placed in the lake by the Texas Game and Fish 
Commission. 

Some 1.38 million cu yd of earth were removed 
to build the mile-long dam which forms part of the 
lake’s shoreline. A dike separates intake and outlet 
parts of the lake with a canal connecting the two 
sections. Temperature of lake water will never 
reach high enough to harm the fish and by the time 
cooling water is returned it will be purer than the 
original streams. Average lake depth is 18.29 ft. 
(M. A. M.) 


ANS are progressing for AIME’s participation 

in a Joint Metallurgical Societies Meeting with 
six European technical societies. The meeting dates 
have been changed to June 8 to June 26, 1955, with 
visits in England, Germany, and France. 

The idea for the international meeting started 
with the six European participants—the Iron and 
Steel Institute and the Institute of Metals in the 
United Kingdom; the Societe Francaise de Metal- 
lurgie in France; the Verein Deutscher Eisenhutten- 
leute, and Deutsche Gesellschaft fur Metallkunde in 
Germany; and Jernkontoret, in Sweden—as a 
method of returning the hospitality and friendliness 
their members enjoyed in visits to this country. 

The chief object of the Joint Meeting is to estab- 
lish personal contacts between experts in the dif- 
ferent branches of metallurgy in the United States 
and in Europe. Secondary objects are to provide 
opportunities for scientific and technical discussion, 
including the possible presentation of papers, dis- 
cussion in study groups and informal talks; to en- 
able visitors from the United States to see some- 
thing of the metallurgical industries of Europe, and 
to visit places of historical and other interest; to 
provide opportunities for seeing at first hand some- 
thing of the European way of life in the different 
countries visited. And finally, to foster better under- 
standing and cooperation among all concerned. 

Because of the limited accommodations avail- 
able, American attendance at the three week meet- 
ing will be limited to about 350 persons, including 
wives of official delegates. Professional groupings 
are being considered in the interest of efficiency 
and to promote increased personal contact in spe- 
cific fields. There will be European experts at- 
tached to these groups. 

The AIME committee working on European meet- 
ing arrangements consists of Leo F. Reinartz, Chair- 
man, Howard Biers, John J. Golden, Ernest Kirken- 
dall, and Clyde Williams. Howard Biers has been 
serving as AIME’s representative to the European 
groups. This committee has asked the ASM to nom- 
inate delegates to a joint committee to participate 
in the formulation of all matters pertaining to the 
European meeting. The first meeting of the com- 
mittee was held on March 18. 

Committees will be appointed in this country to 
facilitate selection of official delegates to ensure 
adequate representation. It is expected that there 
will be many more people with the desire to attend 
than conditions will permit. AIME through the 
JOURNAL OF METALS, will keep you posted on all 
meeting developments as they occur. If any ques- 
tions arise, contact Institute headquarters. 


74. S. Cohan 
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Cut Costs: 
33% 
25% 
10% 


Reduction in 


and Feeds 


Who will be next to make better prod- 
ucts for less money by using Ductile 
Iron? 

Profit from the example of Metal 
Products Division of Koppers Company, 
Inc., Baltimore 3, Md. This manufac- 


The International Nickel Company, Inc. 
Dept. 20, 67 Wall Sireet, 
Wew York 5, W.Y. 


Please send me a list of publications on: 
DUCTILE IRON. 


Name 
Title 


— 
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How Ductile Iron 


Tool breakage 


Longer use of Tools 
between Dressings 


Increased Lathe Speeds 


turer not only cut costs but improved 
performance of one of their specialties 
by adopting Ductile Iron hubs for 
“Aeromaster” industrial fans. 


These propeller-type fans, ranging 
from 54 inches to 24 feet in diameter, 
are generally used in pipeline pumping 
stations and similar places where vibra- 
tions from nearby engines, compressors 
or other machinery compound the 
vibrations of a fan. 


For the hubs, which may vary from 
50 to 225 pounds in weight, good ten- 
sile and fatigue properties are obviously 
essential. In addition, excellent casta- 
bility is needed because the heavy cen- 
ter portion, the heavy flange and the 
thin interconnecting webs of each hub 
vary considerably in section thickness. 
So far, no Ductile Iron hub has been 


rejected. The manufacturer sand-blasts 
hub castings and then heat-treats to 
provide 60,000 p.s.i. minimum tensile 
strength and 15% elongation. 


Tensile strengths in excess of 150,000 
p.s.i. may be attained by other heat- 
treatments. Investigate how Ductile 
Iron can improve your products or 
equipment. Learn the facts about its 
machinability, its resistance to wear, to 
shock and vibration. Investigate the 
facts about its damping capacity. 

Send us details of your prospective 
uses, so that we may offer a list of 
sources from some 100 authorized foun- 
dries now producing Ductile Iron under 
patent licenses. Request a list of avail- 
able publications on Ductile Iron... 


THE INTERNATIONAL NICKEL COMPANY, INC. new 


“ah! 
: 
‘ 
. 
State ' mail the coupon 


Journal of Metals 


The Marietta, Ohio plant of Electro Metallurgical Co., has started 
commercial production of electrolytic chromium. Preliminary 
research indicated that economic production would be feasible 
only if some raw material other than purified chromium oxide 
could be used. Electromet, a subsidiary of Union Carbide & 
Carbon Corp., decided that high carbon ferrochrome offered 
the most readily available material. High carbon ferrochrome 
is produced in the firm's electric furnace operations. The 
electrolytic process is an outgrowth of work done by the 
Bureau of Mines, with additional research by Electromet. 


Ford Motor Co. used one of the largest quantities of radioactive 
material ever involved in an industrial experiment when 76 
tons of radioactive ore were fed into the Benson Ford blast 
furnace at the Ford Rouge plant at Dearborn, Mich. Tests were 
conducted to determine the feasibility of using as part of the 
charge fine iron powders obtained by concentrating low grade 
ore. While about 60 pet of the iron particles were retained 
during the smelting process, this was considered too low to 
make charging practicable. 


Pure iron crystals, 100 times stronger than any known metallic 
crystal, have been developed by General Electric Co. Accord- 
ing to C. G@. Suits, vice-president and director of research 
for GE, the crystals have a tensile strength of nearly a 
million lb per sq in. 


New Jersey Zinc Co. will purchase the American Cyanamid Co. 
titanium dioxide plant at Gloucester City, N. J. It is ex- 
pected that the plant will be turned over to New Jersey Zinc 
after Cyanamid's new titanium dioxide plant at Savannah, Ga. 
is completed in the latter part of 1955. 


A blast furnace capable of producing 6000 tons of iron per week 


and rated as Europe's largest, was lit for the first time 
last month at Scunthorpe, England by Sir Walter Benton Jones, 
chairman of the United Steel Companies. An even larger 
furnace is scheduled for operation later this year as part 
of a $40 million expansion at Scunthorpe. 


owe Sound Co.'s report for 1 shows that some 1,500 lb of 
cobalt has been produced at Garfield, Utah, despite inter- 
mittant operations. Of the amount produced, 500,000 lb was 
shipped or ready to be shipped under Government contracts 
and fully met specifications. Continuous operation has 
been impossible because of inability of equipment to with- 
stand corrosive and abrasive conditions. 


National Lead and Republic Steel Corp. hav Jj projec 
to upgrade southern iron ore and iron 
arge scale pilot plant now under construction at Republic 's 
Spaulding iron mine near Birmingham, Ala., is slated to 
operate by summer. [Iron ore concentrate from the pilot Plant 


is expected to be 
blast furnaces. sufficiently upgraded for use in modern 
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temperatures in 
open-hearths 


choose... 


versatile Radiamatic Pyrometers 


Open hearth control panel at Lone Star 
Steel Co., Daingerfield, Texas, includes (top 
of page, at right end of panel) ElectroniK 
recorders for checker and roof temperatures. 
Temperatures are detected by Radiamatic 
elements like the one shown above, sighting 
on checker brick. 
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) ye THE most difficult open-hearth temperature applications, 
call on Radiamatic Pyrometers. They're the accurate and 
economical way to measure when temperatures are too high, 
atmospheres too destructive or vibration too severe for 
thermocouples. 


For checker temperatures, Radiamatic Pyrometers outlast 
thermocouples many times over . . . and provide a more accu- 
rate guide to reversal by measuring actual brick temperatures. 
For roof temperatures, their greater dependability lets fur- 
naces be run at maximum safe limit. 

Temperature compensated Radiamatic elements are supplied 
in a variety of styles to suit steel mill usage. Their companion 
ElectroniK instruments cover the widest range of indicating, 
recording and controlling applications. 


Your nearby Honeywell sales engineer will be glad to discuss 
how Radiamatic Pyrometers can help in your mill. Call him 
today .. . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Divi- 
sion, Wayne and Windrim Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for new Catalog 9301, “Radiomotic Pyrometers.”’ 


Honeywell 
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National Open Hearth Steel Committee 


Local Section Activities 


The Eastern Section held its annual technical con- 
ference on Oct. 9, 1953 in the Grand Ballroom of the 
Warwick Hotel in Philadelphia, with a registration 
of 266. 

The meeting was called to order by the Chairman, 
Rex M. Baker, who, after a few opening remarks 
introduced Julius Boullsa, Jr. of the Stanley Works, 
winner of the technical awards paper, who pre- 
sented a paper on Open Hearth Ladle Linings. Fol- 
lowing the reading of this paper, the meeting was 
given to the morning session Chairman, J. E. Mateer 
of the Lukens Steel Co. and Co-Chairman J. T. 
Clishem of the Bethlehem Steel Co. The following 
topics were discussed: Bottom and Tap Hold Main- 
tenance (Hot Repair); Sulphur Control in Open 
Hearth; and Monolithic Lined Runners. Luncheon 
was served to 137 members in the Mirror Room. 


H. H. NORTHRUP 


Eastern Section 


The afternoon session, conducted by Chairman 
R. L. Baldwin of the Stanley Works and Co-Chair- 
man E. J. Dattisman, Jr. of the U. S. Steel Corp., was 
devoted to the following subjects: Method of nozzle 
setting; safety in steel plant; and open hearth bath 
pyrometry. After the adjournment of the technical 
session of the conference, the usual reception was 
held, followed by dinner and entertainment which 
was attended by 225 members. 

Plant activities for 1954 include a visitation to the 
Lukens Steel Co. in Coatesville, Pa. on May 21 and 
the usual Fall Meeting in October at the Warwick 
Hetel in Philadelphia. 

The new officers for 1954 to 1955 are Paul R. 
Sultzbach, Stanley Works, Chairman; Charles Moore, 
Cordol Co., Vice-Chairman; and R. L. Baldwin, 
Stanley Works, Secretary-Treasurer. 


Republic Steel Corp., Buffalo, N. Y. 
Chairman, Buffalo Section 


The annual meeting of the Buffalo Section was 
held Oct. 6, 1953 at the Royal Connaught Hotel, 
Hamilton, Ont., Canada. After lunch, L. B. Wright, 
Technical Chairman opened the meeting which cov- 
ered Safety, Design, Operation, and Maintenance of 
Open Hearth Checkers and Melting Practice and Pit 
Practice. W. H. McShane, R. Jordan, C. E. Moyer, 


Sufjale Section 


and H. A. Robertson led individual discussions. 
Activities for the current year include a spring 
Golf Party, May 27, 1954, and Annual Section Meet- 
ing Oct. 5, 1954 at the Hotel Statler, Buffalo, N. Y. 
Officers elected for 1954 are as follows: H. H. 
Northrup, Chairman; J. L. Walton, Vice-Chairman; 
and H. A. Morelock, Secretary-Treasurer. 
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Morgan equipment is built to last a long 


time as Morgan engineers rely upon a 


THE MORGAN 
ENGINEERING CO. 


ALLIANCE, OHIO 
PITTSBURGH — 1420 OLIVER BUILDING 


highly skilled shop organization, mod- 
ern equipment, and progressive ideas in 


building Morgan steel mill machinery. 


DESIGNERS * MANUFACTURERS * CONTRACTORS « BLOOMING MILLS © PLATE MILLS © STRUCTURAL MILLS « ELECTRIC 


TRAVELING CRANES © CHARGING MACHINES + INGOT STRIPPING MACHINES © SOAKING PIT CRANES © ELECTRIC WELDED FASRI- 


CATION © LADLE CRANES © STEAM HAMMERS © STEAM HYDRAULIC FORGING PRESSES © SPECIAL MACHINERY FOR STEEL MILLS 


Sit 
Illustrated is a 100-ton, 80'- 
0" span, 4-girder type Ladle ( 


A meeting of the Southwestern Section was held 
at the Bakers Hotel, Dallas, Texas on Oct. 16, 1953. 
The discussions presented included: Furnace Con- 
struction and New Trends, High Percentage of Nat- 
ural Gas Firing, Waste Gas Analysis,—Where and 
When To Take Them and Applications, Mold and 
Teeming Practice vs Conditioning Cost, and General 
Practice of Rim Steel as Regards Furnace and Pit 
Practice. 


W. H. CARPENTER 
Colorado Fuel & iron Corp., Pueblo, Colo. 
Chairman, Southwestern Section 


Another meeting was held on Feb. 12, 1954. The 
meeting was devoted to discussions centering about 
New Trends of Furnace and Design, New Develop- 
ment in Measuring Air Pre-Heat, Open Hearth 
Ladle Lining and Maintenance, Pouring Practice, 
Control of Residual Alloys, and Use of Variable Sili- 
con and High Phosphorus Low Manganese Hot 
Metal. 


R. J. McCURDY 
Republic Steel Corp., Chicago 
Chairman, Chicago Section 


Chicago Section finished a very successful year. 
Technical sessions as well as the golf party were 
equally well attended. 

The first session, an all day meeting, was held at 
the Del Prado Hotel Mar. 11, 1953. Attendance at 
the sessions was 280; the fellowship dinner in the 
evening was attended by 250 operators and suppliers. 

Second meeting was held May 4, 1953. Dinner at 
Phil Smidt’s was followed by a technical session on 
the subject Furnace Operation from Combustion 
Viewpoint. Tom Hess, superintendent No. 1 open 
hearth, Youngstown Sheet & Tube Co., was Chair- 
man. Harry Kahl, Inland Steel Co., presented a 
paper on regulation of fuel, steam and combustion 
air, during the making of a heat. Dennis J. Carney, 
U. S. Steel, south works, gave Some Aspects of Com- 
bustion Air Temperature. This meeting was attended 
by 181 men. 

Because of the reception given the Fall Golf Party 
in 1952 another Fall Meeting was held in September 


Chicago Section 


1953 and was a very successful party with 155 per- 
sons playing golf and 311 present for dinner in the 
evening. Many prizes were awarded and everyone 
had a good time. 

Final meeting of the year was held at Phil Smidt’s 
Oct. 5, 1953; 131 district people attended. Technical 
Chairman was Alex Sirel, Youngstown Sheet & Tube 
Co. The subject was: Discussion of Items Essential 
for Control of Production and Quality in the Open 
Hearth Shop. Discussion on production was lead by 
M. F. Yarotsky, U. S. Steel, south works. Discussion 
on quality wag lead by R. F. Farley, Republic Steel. 

No local all day session will be held in the Chi- 
cago District this year because of the National Meet- 
ing being held in Chicago, Apr. 5 to 7, 1954. 

Officers for 1954 are: R. J. McCurdy, Republic 
Steel Corp., Chairman; T. D. Hess, Youngstown Sheet 
& Tube Co., Vice-Chairman; and H. Erler, U. S. 
Steel Corp., Secretary-Treasurer. 
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lron ore, manganese ore, phosphates of all sizes, flotation 
concentrates and flue dust alone or mixed, can be sintered 
regardless of moisture and carbon content. 


Sintering temperature easily regulated and maintained as 
desired, producing sinter of proper porosity and hardness, 


thus saving blest furnace fuel. 


Materials sintered without fines, eliminating screening and 
rejects. 


Any available gas, oil or pulverized solid fuel may be used. 
Low power consumption—7 to 8 kwh per ton of sinter. 
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Uorthern Ohio Section 


The annual golf party of the Northern Ohio Sec- 
tion was held at the Tippecanoe Country Club in 
June with a total of 154 attending. The tenth an- 
nual off-the-record technical session was held Feb. 
25, 1954 at the Pick-Ohio Hotel in Youngstown. A 
total of 314 attended, making this the largest turn- 
out in the section’s history. 

Co-Chairmen of the annual meeting were J. 
Turner, Republic Steel Corp. and J. D. Sutherland, 
U. S. Steel Corp. Toastmaster was Harold J. Walker 
of Republic Steel Corp. Papers presented were: 


G. B. McMEANS 
Kaiser Steel Corp., Fontana, Calif. 
Permanent Chairman, Western Section 


Electric Furnace Steel Production by Sherman My- 
ford, Factors Affecting Manganese Recovery in 
Open Hearth Furnaces by John F. Beale, Open 
Hearth Safety by J. F. Collins, and Sealing and In- 
sulating Against Infiltration Affect on Production 
and Cost by E. J. Brandon. 

The 1954 golf party will be held at the Youngs- 
town Country Club on June 18. The officers for the 
year are: T. Bruce Carpenter, Youngstown Sheet & 
Tube Co., Chairman, and Bruce H. Ramage, Youngs- 
town Sheet & Tube Co., Secretary-Treasurer. 


R. J. PRICE 


Bethlehem Pacific Coast Steel Corp., 
Los Angeles 


Presiding Chairman, Western Section 


Western Section 


All meetings of the Western Section were held at 
Rodger Young Auditorium. The attendance has been 
very good with gatherings of between 60 to 70 mem- 
bers at each meeting. 

The meeting of Sept. 16, 1953 featured a Smog 
Control Panel Discussion with Max Ogborn and 
Harry Dok. A paper on Electric Furnace Practices 
was presented by H. C. Bigge on Nov. 11, 1953. 
Electric Furnace Design and Development by W. E. 
Lewis, and Fuel in the Open Hearth by J. Walton 


were given on Jan. 20, and Mar. 17, 1954, respec- 
tively. The meeting on May 19 will be given over to 
visiting the Los Angeles piant of Bethlehem Pacific 
Coast Steel Corp. 

Officers for the year are: George B. McMeans, 
Kaiser Steel Corp., Permanent Chairman; Ralph J. 
Price, Bethlehem Pacific Coast Steel Corp., Presid- 
ing Chairman; Paul E. Crow, Phillips Foundry Co., 
Vice-Chairman; and Robert P. Munson, E. A. Wilcox 
Co., Secretary-Treasurer. 
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another TASIL “balanced” mixer lining sets new records 
for time in service and tonnage handled! 


The 1000-ton hot-metal mixer of a major steel producer 
recently completed a 10-month campaign, handling 1,311,750 
tons of iron. The mixer lining was “balanced” with Taylor 
Sillimanite (TASIL) Brick, laid in TASIL Cement, in the 
areas of severe erosion. Not a single brick was replaced nor 
any patching attempted during the campaign. 


This sets a new mixer record, both for tonnage handled and 
continuous operation . . . and is the 9th consecutive year that 
TASIL “balanced” linings have been in service at this plant! 


Let a Taylor field engineer give you full details on this proven 
TASIL application for mixers, ladles and hot-metal cars. 


Exclusive Agents in Ceneda: 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. " 
Hamilton and Montreal y A SUBSIDIARY OF NATIONAL LEAD COMPANY 


REFRACTORIES SINCE 1864 ¢ CINCINNATI * OHIO « U.S.A 


428—JOURNAL OF METALS, APRIL 1954 


4 
VA 
¥ 
\ 
\ 
| 


The activities of the Pittsburgh Section during the 
year 1953 consisted of two events. These were a golf 
party in June and the annual off-the-record meet- 
ing in November. 

The golf party was held at Oakmont Country Club 
on Friday, June 26, 1953. There was a total of 180 
members and guests who played golf, while 265 at- 
tended the dinner. John F. Pollack, Chairman, Pitts- 
burgh Section served as toastmaster at the golf party 
dinner. The committee which arranged the details 
of this party included R. W. Crozier, Chairman, 
F. St. Vincent, J. J. Isherwood, and E. Sipp. 

On Nov. 6, 1953 members and guests of the AIME 
participated in the annual off-the-record meeting at 
the William Penn Hotel in Pittsburgh. This meeting 
was a joint presentation of the Pittsburgh Section 
of the AIME and the National Open Hearth Com- 
mittee. L. W. Moore, Wheeling Steel Corp. was Pro- 
gram Chairman for the sessions presented by the 
Pittsburgh Section and Shadburn Marshall served 
as Program Chairman for the other division of the 
AIME which also held sessions. Mr. Moore was 


S. J. DOUGHERTY 
Weirton Steel Co., Weirton, W. Va. 
Chairman, Pittsburgh Section 


assisted by S. Feigenbaum, W. Brandt, H. J. Purnell, 
and R. M. Barnhart in arranging sessions on metal- 
lurgy, operations, refractories, and acid open hearth. 


The activities on Nov. 6, 1953 were concluded with 
a Fellowship dinner.. The toastmaster at the Fellow- 
ship dinner was John F. Pollack, Chairman of the 
Pittsburgh Section. Principal speaker was the Honor- 
able Gustav L. Schramm, Judge, Juvenile Court of 
Allegheny County. 

The future events of the Pittsburgh Section NOHC 
include a golf party at Oakmont Country Club on 
Friday, June 18, 1954 and the annual off-the-record 
meeting on Friday, Oct. 29, 1954 at the William Penn 
Hotel, Pittsburgh. Program Chairman will be R. H. 
Isenberg, Pittsburgh Steel Co. 

Officers of the Pittsburgh Section are: S. J. 
Dougherty, Weirton Steel Co., Chairman; D. L. 
McBride, U. S. Steel Corp., Vice-Chairman; C. E. 
Williams, U. S. Steel Corp., Secretary; and C. 
Longenecker, Blast Furnace and Steel Plant, Treas- 
urer. 


H. P. GAW 
Armco Steel Corp., Middletown, Ohio 
Chairman, Southern Ohio Section 


The Southern Ohio Section held its 17th annual 
off the record meeting at the Deshler-Hilton Hotel 
in Columbus, Ohio on Oct. 30 and 31, 1953 with 218 
members and guests in attendance. Harold P. Gaw, 
Section Chairman, presided. 

E. L. Allison and R. Thornberry were Co-Chair- 
men for the morning session. Subjects discussed were 
problems encountered in reducing open hearth heat 
time, and results obtained from single uptake fur- 
naces vs double uptake. 

The afternoon session was under the leadership 
of Stanleigh Elam and Frank McGough and covered 
various practice and quality subjects. Items covered 
included the atomization of liquid fuels with high 
pressure natural gas, use of coke oven gas and 
oxygen in auxiliary burners, capped steel, and train- 
ing personnel in control of sulphur in open hearth. 


Southern Ohio Section 


Lee Lambing served as toastmaster for the after 
dinner meeting. Alfred J. Wright, professor of geog- 
raphy at the Ohio State University, spoke on The 
Origin and Development of the Iron and Steel 
Industry in Ohio. Attendance was 157. 

The 18th annual meeting will be held again at 
the Deshler-Hilton Hotel Nov. 5 and 6, 1954. The 
Bellefontaine Country Club at Ashland, Ky. 
was the scene of the second annual golf party, June 
12, 1953. Fifty members and guests turned out for 
golf and dinner following. The 3rd annual golf party 
will be held at Wildwood Golf Course, Middletown, 
Ohio, on June 18, 1954 with dinner at the Forest 
Hills Country Club. 

Harold P. Gaw and Richard W. Lewry will serve 
as Chairman and Secretary-Treasurer respectively 
through 1954. 
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Cc. C. RUSSELL 
CHAIRMAN 
Koppers Co., Inc. 
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Blast Furnace, Coke Oven 
And Raw Materials Committee 


ERNEST KIRKENDALL 
TREASURER 
AIME 


Executive Board 


F. D. DeVaney R. P. Liggett 
E. J. Duffy E. H. Rose 
C. G. Hogberg L. Tofft 


Program Committee 


H. E. Kaufman 
U. S. Steel Corp 


F. M. Hamilton, Chairman 
Jones & Laughlin Steel Corp. 


C. L. Corben 
Inland Stee! Co 


W. A. Cureton 
U. S. Steel Corp 


J. D. Saussaman 
Kaiser Steel Corp. 


J. E. Stukel 
Youngstown Sheet & Tube Co 


Finance Committee 


J. S. Wilbur, Chairman 
Cleveland-Cliffs Co 


J. H. Owen 
G. E. Steudel 


8. T. Day 
H. G. Macey 


Membership Committee 
C. T. Marshall, Chairman 
Pittsburgh Coke & Chemical Co. 
R. C. Mohr 
S. K. Scovil 
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SAMUEL NAISMITH 
PAST-CHAIRMAN 
U. S. Steel Corp. 
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KURT NEUSTAETTER 
VICE-CHAIRMAN 
Inland Steel Co. 


W. E. MARSHALL 
VICE-CHAIRMAN 
Armco Steel Corp. 


E. J. ANDBERG 
SECRETARY 
Globe Iron Co. 


¥ é 4 “= } 
& 
a 
wut 
a 
H.H 
Ww. 
R. H. White 


L. R. BERNER 
CHAIRMAN 
Inland Steel Co. 


J. J. GOLDEN 
PAST-CHAIRMAN 
U. S. Steel Corp. 


National Open Hearth 
Steel Committee 


Executive Board 


E. D. Buchanan 
Washburn Wire Co. 


C. E. Carr 
Weirton Stee! Co. 


T. A. Cleary 
Youngstown Sheet & Tube Co. 


H. G. Grim 


L. A. LAMBING Heppenstall Co. 


VICE-CHAIRMAN Henzelman 
Steelmaking Consultant Granite City Steel Co. 


V. W. Jones 
Armco Steel Corp. 


T. L. Joseph 
University of Minnesota 


D. R. Loughrey 
Jones & Laughlin Stee! Corp. 


J. S. Marsh 
Bethlehem Steel Co. 


D. R. Mathews 
Alan Wood Steel Co. 


G. B. McMeans 
Kaiser Steel Corp. 


E. B. Snyder 
Wheeling Steel Corp 


A. W. Thornton 
U. S. Steel Corp. 


H. J. Walker 
ERNEST KIRKENDALL Republic Steel Corp. 


SECRETARY, TREASURER M. F. Yarotsky 
AIME U. S. Steel Corp. 
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ELECTRIC 


~ 
~ FURNACES 


A Few of the Many 
Satisfied users of 
MEROULT. FURNACES 


the standard of 


Crucible Steel Co. of America 


Sn Eo efficiency and safety! 


Ohio Steel Foundry Company 


Republic Steel Corporation Embodying the latest in mechanical and electrical equipment, 
Rotary Electic Steel Compeny these widely used furnaces are noted for their efficient per- 
The Timken Roller Bearing Company 


formance, safety, and low operating cost and maintenance. 


We welcome an opportunity to help you select and install 
the furnace best suited to your particular requirements. 


‘NEW CATALOGUE NOW READY AMERICAN BRIDGE DIVISION, UNITED STATES STEEL CORPORATION 
Contains up-to-date information on Heroult Flec- SES 


tric Melting Furnaces — types, sizes, capacities, Contencting in How Verk, Philedsiphie, Chicaga, 


ratings, etc. Write Pittsburgh Office for free copy. Sen Crancioce end other gutecigel cities. 
United Stotes Stee! Expert Compony, New York 


Vanadium-Alloys Steel Company 


4-208 


STEEL 


Americon Steet rounaries 


Blast Furnace, Coke Oven and Raw Materials Program 


MONDAY, APRIL 5 


9:30 am to 12:15 pm—Room 14 
GENERAL SESSION 


Chairmen: 


W. A. Cureton, Superintendent Blast Furnaces, 
National Tube Div., U. S. Steel Corp., Mc- 
Keesport, Pa. 

Walter Trognitz, Superintendent Blast Furnaces, 
U. S. Steel Corp., Braddock, Pa. 


Welcoming Remarks: 

C. C. Russell, Manager, Coal Carbonization 
Branch Research Dept., Koppers Co., Pitts- 
burgh, Pa., and General Chairman, Blast Fur- 
nace, Coke Oven and Raw Materials Com- 
mittee, AIME. 


Fire Clay for Blast Furnaces: 

B. T. Day, Vice-President and R. F. Baley, 
Assistant Sales Manager, American Fire Clay 
& Products Co., Canfield, Ohio. 


Burdening of Blast Furnaces With Various Iron 
Bearing Materials Commonly Used in the Great 
Lakes Region: 

J. F. Peters, Superintendent Blast Furnaces (re- 
tired) and Kurt Neustaetter, Assistant Super- 
intendent Plant No. 3 Blast Furnace, Inland 
Steel Co., E. Chicago, Ind. 


Discussion by R. P. Liggett, Chairman Blast Fur- 
nace Committee, Republic Steel Corp., Cleve- 
land, Ohio. 


Ladle Desulphurization of Pig Iron with Solid 

Lime: 

T. E. Dancy, Metallurgical Liaison Officer, Unit- 
ed Kingdom Scientific Mission, Washington, 
as. 

2:00 to 5:00 pm—Room 14 


AGGLOMERATION AND RAW MATERIALS 
SESSION 


Chairmen: 


J. D. Saussaman, Blast Furnace Superintendent, 
Kaiser Steel Corp., Fontana, Calif. 


C. G. Hogberg, Assistant Chairman, Operating 
Committees, U. S. Steel Corp., Pittsburgh, Pa. 


Sintering Conditions and Sinter Properties as 

Affected by Moisture and Fuel: 

H. A. Morrissey, Mellon Institute of Technology, 
Pittsburgh, Pa., and R. E. Powers, Sales Engi- 
neer, Koppers Co., Pittsburgh, Pa. 

Discussion by D. J. Carney, Chief Development 
Metallurgist, South Works, U. S. Steel Corp., 
Chicago, Ill. 


The Effect of Additives on the Properties of Ex- 

perimental Iron Ore Sinter: 

R. D. Burlingame, Gust Bitsianes, Assistant 
Professor in Metallurgy and T. L. Joseph, 
Assistant Dean, Minnesota Institute of Tech- 
nology, University of Minnesota, Minneapolis, 
Minn. 

Discussion by H. F. Ameen, Research Engineer, 
Jones & Laughlin Steel Corp., Negaunee, Mich. 


3. 


Sinter is What You Make It: 


E. H. Rose, Chemical Engineer and D. J. Reed, 
Tennessee Coal, Iron & Railroad Co., Fair- 
field, Ala. 


TUESDAY, APRIL 6 


9:30 am to 12:15 pm—Red Lacquer Room 
COAL AND COKE SESSION 


Chairmen: 


C. L. Corban, Superintendent Coke Plants, In- 
land Steel Co., E. Chicago, Ind. 

H. V. Lauer, Engineer, A. J. Boynton Co., Chi- 
cago, 


Metallurgical Coke from Washed Wheelwright 
Coal and Its Effect on Blast Furnace Iron Ton- 
nage: 

R. L. Gray, Test Engineer, and N. Isenberg, 
Chief Chemist, Coke Plants, Inland Steel Co., 
E. Chicago, Ind. 

Discussion by J. D. Price, Superintendent Coke 
Plant, Colorado Fuel & Iron Corp., Pueblo, 
Colorado. 

Discussion by Preston Jordan, Chemical Engi- 
neer, Wheeling Steel Corp., Steubenville, Ohio 


Effect of Hot Water Quenching on Coke: 


J. W. Thomas, Superintendent of Coke Ovens, 
The Steel Co. of Canada, Hamilton, Ontario, 
Canada. 

Discussion by Kurt Neustaetter, Assistant Super- 
intendent Plant No. 3 Blast Furnace, Inland 
Steel Co., E. Chicago, Ind. 

Discussion by E. C. Kennedy, Assistant Div. 
Superintendent, Coke Plants, U. S. Steel 
Corp., Gary, Ind. 


A Small Pressure-Test Oven for Measuring the 
Expansion Pressure Developed During Carbon- 
ization of Coal: 

H. E. Harris, E. W. Margel and R. D. Howell, 
Research and Development Laboratory, U. S. 
Steel Corp., Pittsburgh, Pa. 

Discussion by C. C. Russell, Manager, Coal 
Carbonization Branch Research Dept., Kop- 
pers Co., Pittsburgh, Pa. 

Discussion by F. H. Reed, Chief Chemist, Illinois 
State Geological Survey, Urbana, III. 


LUNCHEON 


Tuesday, April 6 
12:30 pm—Room 17 


Annual Luncheon and Business Meeting, Blast 
Furnace, Coke Oven and Raw Materials Com- 
mittee 
C. C. Russell, Chairman 
Everyone attending the Blast Furnace, Coke 
Oven and Raw Materials sessions is invited to 
attend this luncheon and annual business meet- 
ing. 
(Tickets $3.50, tips and tax included). 
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9:30 am to 12:15 pm—Room 14 
BLAST FURNACE GAS SESSION 


Chairmen: 


H. E. Kaufman, Assistant to General Superin- 
tendent, U. S. Steel Corp., Chicago, II. 

C. P. Johnson, General Superintendent, Inter- 
lake Iron Co., Chicago, Il. 


Observations on Blast Heat: 

D. M. Morrison, Engineer, Chicago Concrete 
Breaking Co., Chicago, Il. 

Discussion by R. P. Wheatley, Superintendent, 
Blast Furnace Dept., Wisconsin Steel Works, 
International Harvester Co., Chicago, III. 


Continuous Blast Furnace Top Gas Analysis: 

D. J. Carney, Chief Development Metallurgist, 
South Works, U. S. Steel Corp., Chicago, Il. 
Discussion by T. L. Joseph, Assistant Dean, 
Minnesota Institute of Technology, University 

of Minnesota, Minneapolis, Mirn. 


Ferromanganese Gas Cleaning Installation: 
C. H. Good, Assistant to General Superinten- 
dent, U. S. Steel Corp., Duquesne, Pa. 
Discussion by G. E. Dignan, Vice President- 
Operations, Pittsburgh Coke & Chemical Co., 
Pittsburgh, Pa. 
2:00 to 5:00 pm—Room 14 


BLAST FURNACE THEORY SESSION 


Chairmen: 


J. E. Stukel, Development Engineer, Youngs- 

town Sheet & Tube Co., Youngstown, Ohio. 
D. E. Babcock, Metallurgical Engineer, Republic 
Steel Corp., Youngstown, Ohio. 


MONDAY, APRIL 5 


10:00 to 10:30 am—Ballroom 
GENERAL SESSION 


Welcoming Remarks 

L. R. Berner, Superintendent of Steel Produc- 
tion, Inland Steel Co., E. Chicago, Ind., and 
General Chairman, National Open Hearth 
Steel Committee, AIME. 


Announcements and Reports 
McKune Award Paper 
10:30 am to 12:15 pm—Ballroom 
HOT METAL BASIC OPERATIONS | 


Chairmen: 


G. L. Owens, Superintendent Open Hearth, 
Bethlehem Steel Co., Johnstown, Pa. 


G. C. Lawton, Superintendent, No. 2 Open 
Hearth, Inland Steel Co., E. Chicago, Ind. 


Discussion of Scrap Quality: 
A. Inspection and disposition of various grades 
of scrap 


National Open Hearth Steel Program 


Topochemical Aspects of Iron Ore Reduction: 

Gust Bitsianes, Assistant Professor in Metal- 
lurgy and T. L. Joseph, Assistant Dean, Min- 
nesota Institute of Technology, University of 
Minnesota, Minneapolis, Minn. 

Discussion by Michael Tenenbaum, Assistant 
Superintendent of Quality Control Dept., 
Inland Steel Co., E. Chicago, Ind. 

Discussion by P. E. Cavanagh, Assistant Direc- 
tor, Dept. of Engineering and Metallurgy, 
Ontario Research Foundation, Toronto, On- 
tario, Canada. 


Blast Furnace Slag Metal Reactions: 

John Chipman, Head, Dept. of Metallurgy, Mas- 
sachusetts Institute of Technology, Cambridge, 
Mass. 

Discussion by K. L. Fetters, Assistant to Oper- 
ating Vice-President, Youngstown Sheet & 
Tube Co., Youngstown, Ohio. 

Discussion by J. F. Elliott, Assistant Superin- 
tendent of Quality Control Dept., Inland 
Steel Co., E. Chicago, Ind. 


Analysis of Factors that Limit the Production 

Rate and the Coke Rate in the Blast Furnace: 

W. O. Philbrook, Associate Professor of Metal- 
lurgy, Carnegie Institute of Technology, 
Pittsburgh, Pa. 

Discussion by J. B. Wagstaff, Research Physicist, 
Research Laboratory, U. S. Steel Corp., 
Kearny, N. J. 

Discussion by C. G. Hogberg, Assistant Chair- 
man, Operating Committees, U. S. Steel Corp., 
Pittsburgh, Pa. 


B. Effect on yield of various grades of scrap 

C. Effect on production 

D. Effect on quality of steel produced 

J. H. Flaherty, Jr., Steel Works Metallurgist, 
Jones & Laughlin Steel Corp., Pittsburgh, Pa. 

H. M. Parker, Superintendent Open Hearth, 
Armco Steel Corp., Butler, Pa. 

A. K. Moore, Superintendent Open Hearth, The 
Steel Co. of Canada, Ltd., Hamilton, Ontario, 
Canada 

G. G. Mueller, Assistant Div. Superintendent, 
U. S. Steel Corp., Duquesne, Pa. 

L. B. Lindemuth, Jr., Assistant to Open Hearth 
Superintendent, Wisconsin Steel Works, Chi- 
cago, Il. 


Results Obtained with Furnaces Tapping Heats 
Through Bifurcated Spouts Into Two Ladles: 
A. Problems in controlling tap operations 
B. Problems involved in analysis variation— 
desired and undesired 
C. Solution of pouring pit problems involved: 
Pit space, ladles, platform space, cranes 
E. C. Sorrels, Div. Superintendent Steel Pro- 
duction, U. S. Steel Corp., Gary, Ind. 
C. N. Straney, Open Hearth Superintendent, 
Weirton Steel Co., Weirton, W. Va. 
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J. H. Kelley, Assistant Superintendent Open 
Hearth and Bessemer, Bethlehem Steel Co., 
Sparrows Point, Md. 

H. H. Northrup, Open Hearth Superintendent, 
Republic Steel Corp., Buffalo, New York 


Cleaning of Open Hearth Waste Gases: 

H. A. Parker, Div. Superintendent Open Hearth, 
Fairless Works, U. S. Steel Corp., Morrisville, 
Pa. 

B. Dagan, Works Manager, Kaiser Steel Corp., 
Fontana, Calif. 


Recent Developments in Aids to Labor: 
A. Manganese crushing and handling of 
crushed ferroalloys 
B. Use of payloaders 
C. Use of monorail and jib cranes 
D. Equipment used in cleaning furnace bodies 
and checker chambers on repair jobs 
G. E. Cooper, Assistant Superintendent Open 
Hearth, The Steel Co. of Canada, Ltd., Hamil- 
ton, Ont., Canada 
H. A. Parker, Div. Superintendent Open Hearth, 
Fairless Works, U. S. Steel Corp., Morrisville, 
Pa. 
V. W. Jones, Superintendent Steel Production, 
Armco Steel Corp., Middletown, Ohio 
R. M. Wolcott, Superintendent Open Hearth, 
Jones & Laughlin Steel Corp., Pittsburgh, Pa. 


10:30 am to 12:15 pm—Red Lacquer Room 
ACID OPERATIONS 


Chairmen 


A. R. Altman, Open Hearth Superintendent, 
Heppenstall Co., Pittsburgh, Pa. 

Samuel Hough, Open Hearth Superintendent, 
Mesta Machine Co., W. Homestead, Pa. 

Rammed Acid Open Hearth Furnace Bottoms: 

H. Bigge, Superintendent, Tool Steel Dept. and 
Open Hearth No. 1, Bethlehem Steel Co., 
Bethlehem, Pa. 

Maintenance and Care of Acid Furnace Bottoms: 

Jack Zahn, Open Hearth Superintendent, Ohio 
Steel Foundries, Lima, Ohio 

Pouring of Large Ingots: 

S. A. Ott, Melting Superintendent, Midvale Steel 
Co., Midvale, Pa. 

Mechanism of the Boiling Action: 

A. Carbon Boils 

B. Bottom Boils 

G. R. Fitterer, Dean of Engineering and Mines, 
University of Pittsburgh, Pittsburgh, Pa. 


2:00 to 5:00 pm—Ballroom 
REFRACTORIES AND MASONRY 


Chairmen: 


A. J. Voss, Superintendent, Masonry Dept., In- 
land Steel Co., E. Chicago, Ind. 

G. H. Anthony, Ceramic Engineer, Youngstown 
Sheet & Tube Co., Youngstown, Ohio 


Hot Repair or a New Roof: 

F. A. Colledge, Mason Superintendent, Home- 
stead Works, U. S. Steel Corp., Homestead, Pa. 

P. W. Nutting, Assistant Superintendent No. 2 
Open Hearth, Inland Steel Co., Indiana Har- 
bor Works, E. Chicago, Ind. 

E. R. Eaton, Assistant to Superintendent of Open 
Hearth, Bethlehem Steel Co., Sparrows Point, 
Md. 


Strength of Basic Brick at High Temperatures: 

T. F. Berry, R. B. Snow, Physicist, J. C. Eke- 
dahl, U. S. Steel Corp., Kearny, N. J. 

Control Testing of Open Hearth Refractories— 

Results and Advantages Obtained: 

G. R. Eusner, W. S. Debenham, Research Associ- 
ate, U. S. Steel Corp., Pittsburgh, Pa. 

C. N. Jewart, Ceramic Engineer, Bethlehem 
Steel Co., Lackawanna, N. Y. 

W. J. Scharfenaker, Superintendent Masonry, 
Steel Division, Ford Motor Co., Dearborn, 
Mich. 

Discussion by M. P. Fedock, Ceramic Engineer, 
Republic Steel Corp., Canton, Ohio. 

Checkers: 

A. Improvements in checker cleaning methods 

during operation 

W. H. Friesell, Assistant Superintendent No. 5 
Open Hearth, Homestead Works, U. S. Steel 
Corp., Homestead, Pa. 

E. F. Franzen, Assistant Superintendent Melt 
Shop, Republic Steel Corp., Chicago, Ill. 

R. M. Jordan, Assistant Superintendent No. 3 
Open Hearth, Bethlehem Steel Co., Lacka- 
wanna, New York 

B. Single vs Two-pass 

F. G. Jaicks, Superintendent No. 3 Shop, Inland 
Steel Co., Indiana Harbor Works, E. Chicago, 
Ind. 

2:00 to 5:00 pm—Red Lacquer Room 


ROLE OF MANGANESE IN STEELMAKING 


Chairmen: 


C. R. Taylor, Supervisor, Metallurgy, Research 
Laboratories, Armco Steel Corp., Middletown, 
Ohio 

Simon Feigenbaum, Chief Metallurgist, Pitts- 
burgh Works Div., Jones & Laughlin Steel 
Corp., Pittsburgh, Pa. 

Importance of Manganese in Steelmaking: 

F. W. Luerssen, Research Metallurgist, and P. H. 
Smith, Metallurgist, Inland Steel Co., E. Chi- 
cago, Ind. 

Recent Developments in Manganese Supply: 

R. C. Buehl, Chief, Ferrous Pyrometallurgy Sec- 
tion, U. S. Bureau of Mines, Pittsburgh, Pa. 
Oxidation of Phosphorus and Manganese in the 
Basic Open Hearth During and After Flushing: 
J. F. Elliott, Assistant Superintendent Quality 
Control Dept., and F. W. Luerssen, Research 
Metallurgist, Inland Steel Co., E. Chicago, Ind. 


.. Behavior of Manganese-—Basic Open Hearth 


Steelmaking: 

D. W. Murphy, Research Engineer, Bethlehem 
Steel Co., Bethlehem, Pa. 

Manganese Modification of the Fe-O-S System: 

D. C. Hilty, Technical Advisor, and Walter 
Crafts, Associate Director of Research, Elec- 
tro Metallurgical Co., Metals Research Labor- 
atory, Niagara Falls, New York 


6.00 pm—Crystal Room 


NATIONAL OPEN HEARTH EXECUTIVE BOARD 


TUESDAY, APRIL 6 


9:30 am to 12:15 pm—Ballroom 
OPERATING METALLURGY 


Chairmen: 


Michael Tenenbaum, Assistant Superintendent, 
Quality Control Dept., Inland Steel Co., E. 
Chicago, Ind. 
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C. L. Labeka, Chief Metallurgist, Pittsburgh 
Steel Co., Pittsburgh, Pa. 


Recent Developments in European Steelmaking 

Practice: 

H. B. Emerick, Assistant Director-Technical 
Services, Jones & Laughlin Steel Corp., Pitts- 
burgh, Pa. 

A. American Adaptations of the Austrian Oxy- 

gen Process. 

W. C. Rueckel, Div. Manager, and W. A. Vogt, 
Consulting Engineer, Steel Div., Kaiser En- 
gineers, Oakland, Calif. 


Laboratory and Plant Studies of Pouring Con- 

ditions as Revealed by High-Speed Motion Pic- 

tures: 

H. T. Clark, Assistant Director of Research, 
Jones & Laughlin Steel Corp., Pittsburgh, Pa. 


The Effect of Rare Earth Additions on the Sur- 

face Quality of Low Carbon, Carbon Steels and 

Medium Carbon, Alloy Steels: 

J. V. Russell, Metallurgical Laboratory Director, 
Republic Steel Corp., Chicago, II. 


Some Factors Affecting Open Hearth Perform- 

ance: 

D. J. Carney, Chief Development Metallurgist, 
U. S. Stee! Corp., Chicago, Il. 


2:00 to 5:00 pm—Ballroom 


SHOP OPERATING FOR MAXIMUM PRODUCTION, 


FURNACE LIFE AND QUALITY 


Chairmen: 


R. P. Carpenter, Divisional Superintendent, 
Massillon Plant, Republic Steel Corp., Massil- 
lon, Ohio 

D. R. Loughrey, Staff Industrial Engineer, Jones 
& Laughlin Steel Corp., Pittsburgh, Pa. 


Establish the Pattern to Accomplish the Results 
Outlined: 
Tap to start of charge 
Cold charging time 
Finish cold charge to start hot metal addi- 
tion 
Start hot metal to start working heat 
Start working heat to tap 
. Tap to tap time 
Rex Baker, Superintendent Open Hearth and 
Bessemer, Bethlehem Steel Corp., Sparrows 
Point, Md. 
Stocking and Charging: 
A. Scrap preparation and handling to accomp- 
lish the shortest charging time 


ANNUAL FELLOWSHIP DINNER 
Tuesday, April 6 
6:30 pm—Exhibition Hall 
Reception and Cocktail Party for dinner guests 
7:00 pm—Ballroom 
Annual Fellowship Dinner 
Toastmaster: William G. Caples, Vice-President, 
Inland Steel Co., E. Chicago, Ind. 
Speaker: John T. Retialiata, President, Illinois 
Institute of Technology, Urbana, III. 
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B. Firing rate pattern to prepare furnace for 
hot metal in time indicated and for shortest 
melting time 

E. E. McGinley, Div. Superintendent Open 

Hearth, Homestead Works, U. S. Steel Corp., 
Munhall, Pa. 


Furnace Equipment and Instrumentation: 
A. Instrumentation suggested to best accomp- 
lish the objective 
B. Training personnel in use of equipment 
R. A. Lambert, Steam and Combustion, Jones & 
Laughlin Steel Corp., Pittsburgh, Pa. 


Control of Melt Carbon and Working Heat: 
A. Charging furnace for desired melt carbon 
B. Method of working heat and temperature 
control to accomplish objective without in- 
creased bottom, bank and taphole delay and 
abuse to brickwork 
A. M. Kroner, Assistant Superintendent No. 3 
Open Hearth, Inland Steel Co., E. Chicago, 
Ind. 


Bottom Making: 

A. Practice of making up banks and taphole 
in shortest possible time to avoid loss of 
temperature in furnace system 

T. D. Hess, Assistant Superintendent No. 1 Open 

Hearth, Indiana Harbor Works, Youngstown 
Sheet & Tube Co., E. Chicago, Ind. 


2:00 to 5:00 pm—Red Lacquer Room 


COLD METAL AND BASIC FOUNDRY PRACTICE 


Chairmen: 


A. H. Sommer, Vice-President and General 
Superintendent, Keystone Steel & Wire Co., 
Peoria, Il. 

P. R. Sultzbach, Superintendent Construction, 
Stanley Works, Bridgeport, Conn. 


Elimination and Control of Air Infiltration: 

A. Furnace sealing against air infiltration 

H. M. Parker, Open Hearth Superintendent, 
Armco Steel Corp., Butler, Pa. 

B. Waste gas analyses for combustion control 

Christian Rosenbohm, Keystone Steel & Wire 
Co., Peoria, 


Maintenance of Steel Quality with Low Iron 

Charges: 

A. Sulphur control 

B. Control of residual alloys 

C. Furnace and pouring practice 

H. W. Potter, Assistant to Open Hearth Super- 
intendent, Lukens Steel Co., Coatesville, Pa. 

Discussion by L. Boldizar, Process Engineer, 
Open Hearth Div., John A. Roebling’s Sons, 
Colorado Fuel & Iron Corp., Trenton, N. J. 

Charging and Fluxing Practice in Shops Using 

Burnt Lime and a Low Percentage of Pig Iron: 

Summary of replies to a questionnaire by S. L. 
Fredericks, Chief Chemist, American Steel 
Foundries, E. St. Louis, Il. 

Open Hearth Ladle Linings: 


Julius Boullosa, The Stanley Works, Bridgeport, 
Conn. 


Furnace Design for 100 Pct Natural Gas Firing: 

J. R. Patton, Plant Metallurgist, and J. L. Jen- 
nings, Open Hearth Superintendent, General 
Steel Castings Corp., Granite City, Il. 


4. 
3. 
5. 
| 1. 
1. 
2. 
2. 
i 3. 
4. 


where there’s smoke there’s fire (brick) 


Scan the skyline! Wherever you see smoke 
you will know that the stack from whence 
it comes has brick on the job. 


Refractory brick to contain the heat in the 
furnaces—to line the stack itself. Where 
there is heat, or industries that require it, 
Grefco products are available to do the 
job better...to provide quantity and 
quality, to assure maximum economy. 


Products of fame ... 
wherever there's flame! 


Grefco’s 66 plants and mines, here and 
overseas, are serving the nation from the 
Delaware Valley to the San Fernando 
Valley—from the ore deposits of Minne- 
sota to the oil wells of Texas. 


Why not let Grefco’s engineers advise you 
as to the application of refractories in your 
own business. They know their job—may 
well help you save money on yours! 


GENERAL 
REFRACTORIES 
COMPANY 
Philadelphia 


A Complete Refractories Service 
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Fig. 1—A section of the bloom produced from heat E listed in Table | which had a ladle addition of 2 Ib per ton rare earth 
metals and a further addition of 1 Ib per ton of rare earth metals in the mold. Although the bloom surface is free from 
breaks and ingot cracks the corners tore badly during rolling due to a hot short condition. 


Rare Earth Additions Affect 
Surface Quality of Low Carbon Steel 


by J. V. Russell 


ECENTLY considerable attention has been 

drawn to the rare earth metals and oxides be- 
cause of claims that rare earth additions to steel 
improve the surface qualities and mechanical prop- 
erties of the metal’. The rare earths are the ele- 
ments of atomic numbers 57 to 71 inclusive, begin- 
ning with lanthanum and cerium and ending with 
lutetium’. The most common form in which these 
metals are furnished for metallurgical use is the 
alloy called mischmetal. References to rare earth 
metals in this discussion will be to a mixture of 
metals similar to mischmetal whose approximate 
composition is lanthanum 22 to 25 pct, cerium 50 
to 55 pet, neodymium 15 to 17 pct, and other rare 
earths, 8 to 10 pct. The term rare earth oxides will 


trict, Republic Steel Corp., Chicago. This paper will be presented 
at the AIME National Open Hearth Steel Conference, Chicago, 
Apr. 5 to 7, 1954. 
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Rare earth metals have for some years been used 
as an inoculant in nonferrous foundry practice and 
lately in the production of nodular iron’. It has been 
reported that addition of the metals to certain grades 
of stainless steel so improves high temperature mal- 
leability that reduction of larger size ingots in the 
blooming mill is now possible’. It has also been re- 
ported that considerable improvements in soundness 
and mechanical properties of steel castings have 
been attained as a result of rare earth metals’. 

In an effort to extend these benefits to the pro- 
duction of medium carbon alloy and low carbon 
steels a number of trials of the various rare earth 
addition agents have been made. These trials were 
to evaluate the effects of the rare earths on mechan- 
ical properties of medium carbon alloy steels and 
on the surface quality of killed low carbon steel. 

Attempts to evaluate changes in surface quality 
resulting from ingot or ladle additions of alloying 
agents are always uncertain due to the normally 
wide variations between heats and even between 


refer to a mixture of oxides in a similar proportion. 
J. V. RUSSELL is Metallurgical Laboratory Director, Chicago Dis- 


Sulfur Removed (“oper ib RE) 


Fig. 2—The percentage of sul- 
phur removed per pound of 
rare earth metal added is 
shown as a function of the ini- 
tial sulphur content. Additions 
of rare earth oxides are not 
shown as they were generally 
ineffective. 
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ingots of the same heat in grades considered to be 
poor in surface quality. That is, it is quite possible 
that the treated ingot of a heat whose untreated in- 
gots varied from good to bad may have been good 
anyhow. The same reservation applies to entire 
heats treated in the ladle. 

For purposes of evaluation a fine grain C1020 
steel was chosen which, of the carbon steels, leaves 
much to be desired in regard to surface quality. 
Some alloy heats which were treated for other rea- 
sons are included only to show the effects of rare 
earth treatment on their sulphur content. With one 
or two exceptions no change in their normally good 
surface quality was observed. All heats treated 
were made by ordinary basic open hearth practice 
except that, in some cases, aluminum deoxidation 
was by additions to the molds. This was done to 


Fig. 3—A macroetched section 
midway between top and bot- 
tom of heat D ingot 4 to which 
3 Ib per ton rare metals were 
added. This addition reduced 
the sulphur from 0.039 to 0.017 
pet. The usual segregate pat- 
tern is missing, but near the 
surface patches of rare earth 
sulphides have been trapped 
by solidification. 


040 


compare the effect of rare earth additions to silicon 
killed (coarse grain) and to aluminum killed (fine 
grain) steel from the same heat. The analyses of all 
heats and ingots treated are shown in Table I. 
Where ratings for surface quality are shown they 
are numbers decreasing from nine to one which re- 
flect the increasing frequency of breaks or ingot 
cracks observed during blooming or by later in- 
spection of the blooms. Light seams and scabs are 
not included nor is hot shortness. The latter condi- 
tion is a tearing of the bloom corners due to a loss in 
ductility which may occur in some steels as they 
cool during rolling. This tendency was evaluated by 
high temperature tensile testing the results of which 
are given as the temperature at which only 80 pct 
reduction in area was obtained before fracture, This 
reduction in area of the tensile test is arbitrary but 
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it was observed that when this occurs at or above rise through the molten metal to form a slag thereby 
normal finishing temperature torn corners such as eliminating sulphur. Iron and manganese also form 


those in Fig. 1 may result. sulphides but these are soluble in liquid steel so 
ere that no slag phase forms until solidification and no 

Sulphur Elimination and Ingot Cracks sulphur elimination is effected. 
Of importance in any consideration of surface Table I is a listing of the heats and ingots treated 


quality of killed low carbon steels is the amount of with the various rare earth agents and from it Fig. 2 
sulphur present and its relation to manganese con- was plotted to show the percentage of sulphur re- 
tent. It has been observed that as the manganese- moved per pound of rare earth metal contained by 
sulphur ratio increases the surface quality will, on the addition agent. It will be observed that sulphur 
the average, also improve.*" The rare earth metals contents as low as 0.006 pct resulted and that for 
form relatively stable sulphides in liquid steel which metallic additions the efficiency decreased as the 


Treated With Rare Earth Additions 


Table |. Analyses of Heats and Ingots 


Heat Ingot Grade Deox. Amt Type Cc Mn P si Al Final S Ladies Billets 
Ladle Additions 
E ~- C1020 Al 2.0 LCA-1 0.22 0.65 0.015 0.29 0.084 0.030 0.025 0.028 
T a C1017 Al 2.1 oO 0.19 0.54 0.022 0.18 ° 0.030 0.030 0.030 
K - TS88142 Al 2.1 oO 0.43 0.84 0.019 0.25 0.035 0.013 0.010 0.009 
8s - A86B45 Al 1.6 LCA-10 0.45 0.78 0.016 0.27 ° 0.030 0.030 0.021 
Mold Additions 
B 1 C1020 Si 2.5 LCA-1 0.19 0.63 0.018 0.20 Nil ° 0.025 0.014 
B 2 C1020 Si 2.25 10 Mg 0.19 0.63 0.018 0.20 Nil ° 0.025 0.011 
B 3 C1020 Si 2.0 20 Mg 0.19 0.63 0.018 0.20 Nil e 0.025 0.015 
B 4 C1020 Al 2.5 LCA-1 0.19 0.63 0.018 0.20 0.054 ad 0.025 0.010 
B 5 C1020 Si 2.5 o 0.19 0.63 0.018 0.20 0.019 e 0.025 0.021 
B 6 C1020 Al 25 o 0.19 0.63 0.018 0.20 0. e 0.025 0.024 
B 7 C1020 Si -— - 0.19 0.63 0.018 0.20 Nil ° 0.025 0.024 
B 8 C1020 Al -- _— 0.19 0.63 0.018 0.20 0.054 e 0.025 0.023 
c 1 C1020 Al 2.5 L 0.21 049 0.014 0.21 0.039 . 0.025 0.018 
c 2 C1020 Si 2.5 L 0.21 0.49 0.014 0.21 Nil ° 0.025 0.019 
c 3 C1020 Al 2.5 Oo 0.21 0.49 0.014 0.21 0.071 e 0.025 0.021 
Cc 4 C1020 si 2.5 o 0.21 0.49 0.014 0.21 Nil ad 0.025 0.023 
c 5 C1020 Al _ -- 0.21 0.49 0.014 0.21 0.042 ° 0.025 0.027 
D 1 C1020 Al 1.35 10 Me 0.20 0.40 0.016 0.18 0.037 be 0.039 0.033 
D 2 C1020 Al 1.60 20 Me 0.20 0.40 0.016 0.18 0.022 ad 0.039 0.025 
D 3 C1020 Al 2.0 LCA-1 0.20 0.40 0.018 0.18 0.025 ad 0.039 0.029 
D 4 C1020 Al 30 LCA-1 0.20 0.40 0.016 0.18 0.024 ° 0.039 0.017 
D 5 C1020 Al 2.35 o 0.20 0.40 0.016 0.18 0.021 ° 0.039 0.036 
D 6 C1020 Al — -- 0.20 0.40 0.016 0.18 0.043 e 0.039 0.034 
E 1 C1020 Al 1.0 LCA-1 0.22 0.65 0.015 0.29 0.094 0.030 0.025 0.021 
E 4 C1020 Al 1.8 0-2 0.22 0.65 0.015 0.29 0.089 0.030 0.025 0.027 
I 1 c1012 Al 2.5 LCA-1 0.12 0.45 0.021 0.12 e ° 0.034 0.012 
I 3 C1012 Al 2.5 L 0.12 0.45 0.021 0.12 ° ° 0.034 0.012 
I 4 C1012 Al 2.5 0.12 0.45 0.021 0.12 0.034 0.013(Top) 
1 4 C1012 Al 2.5 0.12 0.45 0.021 0.12 bd 0.034 0.030‘ Bot) 
be 1 C1062 Si 2.5 LCA-1 0.60 0.93 0.019 0.23 Ni ° 0.027 0.015 
G 1 C1057 Si 2.5 LCA-1 0.55 0.92 0.016 0.25 Nil ® 0.020 0.010 
H 1 C1062 si 2.1 o 0.61 1.09 0.018 0.23 Nil ° 0.024 0.027 
N 1 C1052 si 2.5 LCA-1 0.51 0.96 0.018 0.25 Nil ° 0.034 0.008 
J 1 NCMV Al 10 LCA-1 0.31 0.73 0.010 0.28 © ° 0.013 0.008 
K 1 TS8645 Al 1.0 40 Mg 0.46 092 0.021 0.29 0.072 ° 0.037 0.032 
K 2 TS8645 Al 2.0 L 046 0.92 0.021 0.29 0.067 e 0.037 0.025 
9 L 1 NCM Al 3.0 L 0.54 0.71 0.015 0.25 ° e 0.022 0.016 
M 1 NCMV Al 6.0 LCA-1 0.34 0.82 0.011 0.32 ° ° 0.012 0.006 
R 3 TS8142 Al 2.0 L 0.43 0.84 0.019 0.25 0.035 e 0.010 0.008 
* Not determined 
N.B.—LCA-1 is Lanceramp No. 1 (Mischmetal except 30 pct min La); LCA-10 is Lanceramp No. 1 + Teflon; 10 Mg is 10 pct Mg, bal- 
ance mischmetal; 20 Mg is 20 pet Mg, balance mischmetal; 40 Mg is 49 pet Mg, balance mischmetal: O is Raremet “T”’, (15 pct 


CaBe, 2 pet KNOs, balance rare earth oxides); L is mischmetal; and O-2 is Raremet “T-2", (Raremet “T" + 15 pet CaO). 
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be 


Fig. 5—Tensile specimens were made from heat D ingot 6, 
an aluminum killed C1020 steel, and pulled at the normai 
range of rolling temperatures. The reduction in area was 


greater than 80 pct at all these temperatures. 


initial sulphur content decreased. The removal of 
sulphur by rare earth metal additions appeared to 
be equally efficient for silicon killed and aluminum 
killed steel. The addition of rare earth oxides was 
much less effective in this regard although in one 
case (heat I ingot 4) a distinct sulphur reduction 
was noted in the upper part of an ingot treated with 
rare earth oxides. This effect probably was due to 
reduction of the oxides by aluminum in the steel. 

The mechanics of sulphur removal by the rare 
earths are suggested by Fig. 3. This ingot (heat D 
ingot 4) had an addition of 3 lb per ton of rare 
earth metals which reduced the sulphur from 0.039 
pet to 0.017 pet. The macroetch is from the middle 
and the usual ingot pattern and segregation charac- 
teristic of this location are missing. However, near 
the edges are large patches in which rare earth sul- 
phides are concentrated. These were formed and 
coagulated in the liquid but were trapped in the 
ingot skin by advancing solidification. Since more 
time is available for rising in the still liquid in- 
terior, sulphides formed there rise into the hot top. 
These patches are not observed after ladle additions 
since the sulphides formed there have sufficient 
time to rise into the slag. 

If the data in Table I is plotted the improvement 
or deterioration in surface quality as a function of 
the change in manganese-sulphur ratio resulting 
from the rare earth additions, some idea should be 


Fig. 6—Tensile specimens from heat D but from ingot 4 
to which 3 Ib per ton of rare earth metals were added 
show pronounced hot shortness. It is estimated that 80 
pct reduction in area would only have been obtained at 
or above 1970°F. 


Fig. 7—Tensile specimens from heat E, a fine grained 
C1020 steel to which a ladle addition of 2 Ib per ton of 
rare earth metals was made, shows that a reduction in 
area of 80 pct or more was obtained above 2010°F. 


obtained of the degree to which reduction of sulphur 
influenced the change in surface quality. This is 
done in Fig. 4 for heats B, C, D, and E. The results 
have to be considered as individual heats to see that 
increases in the manganese-sulphur ratio in ingots 
from heats D and E showed improvement in surface 
quality while there was no difference in ingots 1 and 
3 of heat C. All the treated ingots of heat B were 
poorer in surface quality than the parent heat but 
those showing greater increases in the manganese- 
sulphur ratio were slightly less adversely affected. 

Heat D had an initially low manganese-sulphur 
ratio and with relatively small changes in this ratio 
large improvements in surface resulted. Heat B 
with an initially higher manganese-sulphur ratio 
actually had lower surface quality with increases in 
the ratio as a result of rare earth metal additions. 
It would appear from this that even moderate im- 
provement in a low ratio using small metal addi- 
tions is better than trying to get drastic improve- 
ment in a higher ratio with larger additions. 


High Temperature Ductility 


Although no very consistent effect on surface 
quality as shown by the incidence of ingot cracks 
was observed after rare earth additions, several in- 
gots did show evidence of hot shortness in asso- 
ciation with additions of rare earth metals. This 
hot shortness appeared as corner tears along the 


2200° 


1800 


Fig. 8—Tensile specimens from heat E ingot 4 to which 
an addition of 1.8 Ib pef ton rare earth oxides was made. 
The hot shortness characteristic of the heat has been 
eliminated presumably by oxidation of the high residual 
aluminum in the heat. 


APRIL 1954, JOURNAL OF METALS—441 


~ 

: 

2000° 2000° ‘i 

- 

x 

Br 

ay 

ae 

, 

J 

= 

ape 

‘ Cy 


Fig. 9—Temperature above 
which 80 pct or more reduc- 
tion in area is obtained in hot 
tensile test is shown as a func- 
tion of residual aluminum. 
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edges of the blooms as shown in Fig. 1 and, in more 
severe cases such as heat M ingot 1, the entire bloom 
surface was affected in this way. This condition can 
be evaluated by tensile tests pulled at high tem- 
peratures and by comparing the temperatures at 
which 80 pct reduction in area is obtained. 

A set of specimens from heat D ingot 6 is shown 
in Fig. 5 having good high temperature ductility 
while those shown in Fig. 6 for ingot 4 from the 
same heat but to which 3 lb per ton of rare earth 
metals were added are hot short. The rare earth 
oxides did not have this effect, but rather had the 
opposite effect on heats inherently hot short to some 
degree. Comparison of the tests shown in Fig. 7 
from heat E and the tests shown in Fig. 8 from ingot 
4 of this heat treated with rare earth oxides shows 
this in convincing fashion. 

There are several elements which produce hot 
shortness when present in sufficient quantity in 
steel, the best known of which probably are tin and 
copper.” It has also been observed in other experi- 
mental work that aluminum can have such an effect 
also. Fig. 9 is a plot showing the relation of the hot 
short temperature to total aluminum content for the 
ingots reported here and also for other material pre- 
pared to study the effect of aluminum. It can be 
seen that there is a well defined upward trend to 
the hot short temperature with increasing alumi- 
num. Since the rare earth treated ingots contained 
some aluminum also they are shown on the same 
graph and it will be observed that they are hot short 
at higher temperatures than should be expected 
from the aluminum content alone. On the other 
hand, the oxide additions reduce considerably the 
hot short tendency due to aluminum, undoubtedly 
by oxidation of the aluminum. 


Summary 


Additions of rare earth metals have been shown 
to reduce effectively the sulphur content of steel to 
which they are added either in the ladle or the 
mold. The efficiency of this removal depends on the 
amount of sulphur present and increases with in- 
creasing sulphur. Rare earth oxides showed very 
little effect on sulphur either as ladle or mold addi- 
tions. Improvements in surface quality which did 


result from rare earth additions appeared to be due 
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in large part to increase of low manganese-sulphur 
ratios. Where the manganese-sulphur ratio was 
high no improvement resulted. 

Addition of rare earth metals to aluminum killed 
steel in amounts greater than 2 lb per ton resulted 
in a hot short condition more severe than that due 
to aluminum alone. This hot shortness resulted in 
hot tears during rolling which increased in severity 
with the amount of the rare earth metal additions. 
Rare earth oxides did not have this effect but in- 
stead reduced the effect of aluminum, undoubtedly 
by oxidation of it. 
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Nozzle Replacement From Outside 


Is Safe and Efficient Method 


The entire interval from time of finish pouring to ladle ready for 
next heat is 12 to 15 min. Frequently, as many as five 190-ton heats 


are tapped in the same ladle during an 8-hr turn. Pouring practice 


HERE are many practices and variations in use 
throughout the steel industry in the setting of 
pouring nozzles in steel ladles, but all come under 
two general classifications: A—Those practices 
wherein the nozzle is set from the inside after the 
ladle is cooled, and B—Those practices wherein fa- 
cilities are provided for removal and replacement of 
the nozzle from the outside while the ladle is still 
hot. This paper deals with one of the latter practices 
which has been in use for many years at National 
Works, National Tube div., U. S. Steel Corp., on both 
open hearth and Bessemer ladles. 

Facilities for steel production at National Works 
include three 200-ton tilting open hearth furnaces 
and three 28-ton Bessemer converters employing the 
duplex process. Both open hearth and Bessemer 
steel is produced with a combined ingot tonnage 
averaging between 110,000 and 120,000 tons per 
month, of which about 85 pct is open hearth. All 
steel produced is fully killed for tubular products. 
Types of steel produced range from 0.10 to 0.62 pct 
C, and from 0.40 to 1.65 pet Mn, with some molyb- 
denum and chrome alloys. Presently, no steel is 
being hot topped, and all heats are poured in open 
top big end down molds. Tapping temperatures av- 
erage about 2880°F. Average weight of heats tapped 
is 192 tons for open hearth and 50 tons for Bessemer. 

The three open hearth furnaces on all liquid 
charges are capable of consistently producing 20 
heats per day. The shop was originally supplied 
with 10 open hearth ladles, one of which has been 
taken out of service and is presently being used as 
a storage bin. Usually, no more than four ladles are 
in active service during any one day; and frequently 
as many as five heats are tapped in the same ladle 
during an 8-hr turn. Ladle lining life regularly av- 


W. G. McDONOUGH is Division Superintendent, Blast Furnaces, 
Open Hearth and Bessemer, and Rolling Mills of National Works, 
National Tube Div., U. S. Steel Corp., McKeesport, Pa. This article 
was presented at the AIME National Open Hearth Committee, 
Eastern Section meeting, Philadelphia, Oct. 9, 1953. 


is regularly 96 to 98 pct good pouring. 


by W. G. McDonough 


erages better than 19 heats on the wearing course 
lining, usually with one bottom and one well block 
replacement. 
Nozzle Setting 

The method of nozzle setting in this plant consists 
of the use of a removable nozzle plate, which is de- 
tached from the bottom of the ladle, permitting the 
old nozzle to be broken out. The new nozzle, after 
being plastered with mud, is inserted into the nozzle 
opening, and the nozzle plate replaced and keyed 


CROSS SECTION OF NOZZLE SETUP 
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Fig. 1—Cross-section of nozzle setup used showing stopper 
and nozzle in position. 
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Fig. 2—After the keys have been knocked out of the 
nozzle, the nozzle plate is pried off. 


into position. After sealing the nozzle hole with a 
mud plug and securing a sand plate over the hole in 
the nozzle, the ladle is again available for use. The 
entire interval from time of finish pouring heat to 
ladle ready for next heat is only 12 to 15 min. 

Fig. 1 shows a cross-sectional view of the nozzle 
setup with the stopper and nozzle in position. Sur- 
rounding the nozzle is the well block, below which 
is the nozzle sleeve brick which rests on the ladle 
bottom. A 2-in. extended removable nozzle plate is 
keyed to the bottom of the ladle by means of key 
bolts extending through the ladle shell, and is se- 
cured by the use of small bolt keys. The bottom 
face of the nozzle plate is provided with lugs into 
which a sand plate is inserted and secured with 
small wedges. 

The nozzle length presently in use at National 
Works is 14% in., although any length nozzle may be 
used by varying the depth of the nozzle plate or by 
altering the depth of the well. The diameter of the 
nozzle in use is 7 in. The well block consists of two 
equal sized halves which form a square when placed 
together measuring 18x18 in. The well depression 
is 16 in. in diam and 3 in. deep with an additional 
3 in. high shoulder at the bottom of the well meas- 
uring 7% in. in diam. The spiit well block is used 
in this instance for ease of replacement as necessary, 


Fig. 3—A short bar with a sharp chisel point bent at a 
right angle is used to break out the old nozzle. 
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Fig. 4—New nozzle is smeared with mud to fill the crevice 
between the nozzle and nozzle sieeve brick. 


without disturbing the ladle lining, since it must be 
slipped under the 6-in. circle brick used in the lower 
part of the ladle lining which overlap the well block. 
The nozzle sleeve brick is a one piece refractory 
block 12 in. sq, 5 in. thick, with a 7% in. diam hole. 

The nozzle plate may be either cast or fabricated, 
but experience has shown that fabricated plates are 
less expensive to make. The plate is secured to the 
bottom of the ladle by means of three 1-in. remov- 
able bolts which are slotted for the insertion of 
small keys to hold the nozzle plate in position. 

The sand plate is nothing more than a flat steel 
plate % in. thick, 9 in. wide, and 18 in. long, 
rounded on one end to facilitate sliding it into the 
lugs on the nozzle plate, and having a % in. hole in 
the opposite end for inserting a hook to pull it out 
when opening up the heat. The small wedges are 
inserted between the nozzle plate lugs and the sand 
plate to secure the plate in position. With this 
method of nozzle and stopper setting, leakage of 
metal before opening up over the molds is virtually 
an unknown experience, and pouring practice is 
regularly 96 to 98 pct good pouring. 


Description of Method 


The ladle immediately after dumping slag is posi- 
tioned by the crane and the gooseneck is sledged to 


Fig. S—Mudded nozzle is inserted about halfway into the 
nozzle opening in the ladle by hand. 


oe 


drop the stopper from ladle. As the stopper drops, 
the ladle is lowered and backed away, laying stop- 
per on the ground as straight as possible. Immedi- 
ately after stopper removal, the ladle, still hanging 
on the crane, is backed up against the pouring floor 
at the nozzle setting work area. 

In Fig. 2 the keys have been knocked out of the 
nozzle plate bolts, and the nozzle plate is being pried 
off by means of bars. After removal of the nozzle 
plate, a short bar with a sharp chisel point bent at 
a right angle on the working end is inserted into 
the nozzle hole, and the old nozzle is broken out as 
shown in Fig. 3. Experience has proven this the 
quickest, easiest, and safest method of removing the 
old nozzle. The rapid removal of the old nozzle is 
chiefly responsible for the efficiency of this method 
of nozzle setting. With an oxygen lance immedi- 


Fig. 6—After a mud plug has been inserted, the sand plate 
is keyed into position. 


Fig. 7—The inside of 
the ladle is shown 
after installation of 
the nozzle and just 
prior to setting the 
stopper. 


ately available any skull in the well or nozzle area 
can be quickly cleaned out before replacing the 
nozzle. If necessary, or desirable, light patching of 
the well or nozzle area can also be accomplished at 
this time. In many instances, skulls up to as much 
as 15,000 lb are melted out by immediately tapping 
another heat in the ladle while the skull is still hot. 

Fig. 4 shows the new nozzle being smeared with 
mud prior to insertion through the nozzle sleeve 
brick. This mud is made by grinding 24 parts white 
plastic clay with five parts graphite and mixing to 
a consistency of soft putty. Coarseness in this mix 
must be avoided since this material must fill the 
crevice between the nozzle and nozzle sleeve brick, 
and voids would permit entry of metal. In Fig. 5 
the new mudded nozzle is shown being inserted into 
the nozzle opening in the ladle. 


Fig. 8—The stopper is set, and the ladle is ready for tap- 
ping another heat. 
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After the mudded nozzle has been pushed half 
way in by hand, the nozzle plate is placed on the 
end of the nozzle. The holes in the nozzle plate are 
lined up to coincide with the bolts, and the plate 
then tapped simultaneously on either side and driven 
into its final position. Small keys are driven into the 
slots of the nozzle bolts to secure the plate fast to 
the bottom of the ladle. This action assures forcing 
the soft mud into the crevice between nozzle and 
nozzle sleeve brick. 

A mud plug is placed in the end of the nozzle hole 
before inserting the sand plate to insure against any 
possible stopper leak in this method of nozzle and 
stopper setting. Since Bessemer heats are trans- 
ported by ladle car to pouring bay, jolting could 
possibly loosen the stopper causing a leak. 

In Fig. 6 the sand plate is being inserted endwise 
through the three small lugs on the base of the 
nozzle plate, and the plate then keyed into position 
by driving small wedges between the lugs and plate, 
securing the mud plug firmly in nozzle hole. 

Fig. 7 shows the inside of the ladle after installa- 
tion of the nozzle and just prior to setting the stop- 
per. A small scoop of white sand is poured into the 
well and nozzle hole from the top of the ladle. Just 
enough sand is used to fill the hole in the nozzle and 
form a light cushion for the stopper head. Care 
should be used in this respect since the use of too 
little sand may result in steel entering and freezing 
in nozzle hole under stopper while the use of too 
much sand will allow steel to follow sand out of 
nozzle immediately before raising stopper to open 
the heat. Fig. 8 shows the ladle with stopper set, 
ready for tapping. 

In Fig. 9 the heat has been tapped and the ladle 
positioned over the molds for pouring. The small 
sand plate wedges have been knocked out by jarring 
the sand plate with a pricker rod. The same rod is 
hooked into the hole in the outer edge of the sand 
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plate and the plate is pulled off. The device being 
held under the nozzle to catch sand consists of a 
paper sack slipped over the looped end of a lance 
pipe. The pricker rod is also used to punch out the 
mud plug in the end of the nozzle, which releases 
the sand. In case of steel following the sand out, it 
goes through the paper sack with no danger to the 
workmen. When the sand stops running, stopper is 
raised and regular pouring procedure follows. 


Safety 


Especially worthy of note is the fact that with all 
the inherent hazards of steel pouring, the operating 
personnel of National Works, as of this writing, have 
exceeded two years of high level operations without 
a lost-time accident. 


Summation 


The advantages of this method of nozzle and 
stopper setting can be summed up as follows: 


A—Stopper leaks previous to opening up over 
molds are virtually unknown. 

B—Ladles need be out of service only 12 to 15 
min between pours to change nozzles. 

C—Furnacing time can often be saved by tapping 
into a hot ladle instead of recarburizing the 
heat with hot metal and holding it in the fur- 
nace to gain temperature. 

D—Many skulls may be melted out while still hot 
by using ladle immediately on next heat. 


E—No work is required inside the hot ladles. 


F—Fewer ladles are required to be in circulation 
because of the short time required to replace 
the nozzle. 


G—Hazards of climbing in and out of hot ladles 
are eliminated. 


— over the molds for 
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Progress in Sintering— 


Experiments in lron Ore Sintering Reported 


Quality of Iron Ore Sinter As 
Related to Moisture and Coke Content 


by H. A. Morrissey and R. E. Powers 


SERIES of experimental sintering runs were con- 
ducted in a 100-lb capacity stationary sinter 
pan to determine the effects of moisture and coke 
over the range of 10 to 16 pct moisture and 4 to 10 
pet coke on sintering conditions and sinter prop- 
erties. The raw materials consisted of —%s-in. Group 
3 Fines iron ore and —%-in. coke breeze. No return 
fines were added to the mix. 

The equipment used to produce the experimental 
sinter is shown in Fig. 1. The Group 3 Fines were 
dried for 24 hr at approximately 100°C and screened 
at 0.371 in., and the resultant undersize formed the 
basic raw material. The fuel, coke breeze, was 
screened through a 0.131 in. sieve. The chemical 
analyses is shown in Table I. 

The charge for each run was mixed in a conven- 
tional motor-driven concrete mixer, having a nom- 
inal capacity of 2% cu ft. After the materials were 
mixed dry for 5 min, water was added in spurts to 
bring the moisture content to the desired percent- 
age. At the completion of the water addition, mix- 
ing was continued for an additional 5 min. 

Each run resulted in the production of approxi- 
mately 80 lb of sinter. This material, referred to as 
the composite, was prepared into size fractions for 
testing. Following this preparation determinations 
of the reducibility, magnetic assay, impact strength, 
bulk density, ferrous iron (FeO) content, porosity, 
and particle density were made. 

Two standard statistical procedures were used in 
the treatment of results. Analysis of variance was 
used to determine the net effect of increasing the 
moisture content from 10 to 14 pct and increasing 
coke content from 6 to 10 pct on sintering conditicns 
and sinter properties. Linear regression was used 
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to determine interrelationships of sinter properties. 
Two confidence limits were employed in the analysis 
of variance, 90 and 95 pet. These two limits were 
used since both are commonly employed in indus- 
trial practice. A 95 pct confidence limit was also 
employed in the linear regression treatments. 


Results and Conclusions 

The important results are shown in the summary 
of analysis of variance in Table II. Two generaliza- 
tions can be made: A—coke has a pronounced effect 
on sinter properties but no effect on sintering rate, 
and B—moisture has a direct effect on sintering rate 
but essentially no influence on sinter properties. 

Moisture has a direct influence on bed perme- 
ability immediately after ignitions. Bed permeability 
before ignition is of higher value but directly re- 
lated to bed permeability after ignition. The increase 
in bed permeability resulted partly from the observed 
increase in pellet formation with increased moisture 
during mixing. The bed bulk density is independent 
of moisture contrary to expectation. The latter ap- 
pears to be due to the influence of two opposing 
factors: The increased weight of moisture which is 
being counteracted by the increased pellet formation. 

Sintering rate increases with moisture, an effect 
of increased bed permeability. Total cubic feet of 
air drawn during sintering is inversely proportional 
to moisture. This results from increased sintering 


Table |. Chemical Analyses of Raw Materials 
Used in Making Sinter, Pct 


Constituent Group 3 Fines Coke Breeze 


Iron 59. 
Silica 5. 
Alumina 2. 
Fixed carbon 

Volatile matter 

Ash 
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Fig. 1—The ignition 
burner on the experi- 
mental sintering ma- 
chine consists of 
three -in. pipes 
manifolded together 
and fitted with indi- 
vidual air aspirators. 
Notural gas is used 
for ignition. 
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rate which more than off balances the effect of in- 
creased bed permeability. Maximum exit gas tem- 
perature seems to be proportional to moisture, but 
the reason for this is not clear. Bed permeability at 
the time of maximum exit gas temperature is inde- 
pendent of moisture. 

Coke has an inverse effect on the bed bulk density 
as might be expected. It also has an inverse effect 
on maximum exit gas temperature. This tempera- 
ture, however, is a function not only of the fire zone 
temperature, but also of mass rate of air flow through 
the bed, air velocity, and surface area available for 
heat transfer. The rate of air flow through the bed 
at maximum exit gas temperature was found to be 
directly related to coke, a partial explanation of the 
temperature-coke result. It was noted that bed 
permeability at maximum exit gas temperature is 
independent of coke. This can be easily explained 
since bed permeability is a function of vacuum as 
well as air flow. No attempt should be made to 
interchange the use of the terms air flow and perme- 


Table !!. Summary of Analysis of Variance For the Range 
10 to 14 Pct Moisture and 6 to 10 Pct Coke 


Cenfidence Level* 


90 Pet 95 Pet 
Dependent Variable Mois- Mois- 
ture Coke ture Coke 
Sintering Conditions 
Bed bulk density c c V/A 
Bed permeability immedi- 
ately after ignition A Cc A c 
Sintering rate A c c c 
Bed permeability at time 
of maximum exit gas ternp c c ¢ Cc 
Maximum exit gas temp A V/A A VA 
Total cu ft of air drawn 
during sintering V/A c S 
Sinter Properties 
Reducibility c V/A ¢ V/A 
Percentage magnetic c A Cc A 
Impact strength 
Percentage of + 0.132 in c A c A 
B— Percentage of 0.0331 in c 
Bulk density c A Cc A 
Percentage ferrous tron A A c A 
Porosity 
A--Total c c 1/A 
B—Macrvu c VA c V/A 
C—Micro c c c Cc 
Particle density c c c c 


* A is directiy proportional, 1/A is inversely proportional, and C 
is independent. A and 1/A were a result of visual observations of 
the data and were not concluded from the analysis of variance. 
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ability. Coke was independent of bed permeability 
immediately after ignition, sintering rate, and total 
cubic feet of air drawn during sintering. 

Perhaps the most striking result brought out by 
the tests is the influence of coke on sinter properties. 
Nearly every sinter property measured was influ- 
enced by coke content in the sinter mixture. Also, 
equally significant, most sinter properties were inde- 
pendent of moisture. The few exceptions to these 
generalizations are micro porosity, particle density, 
and the percentage of FeO. Particle density depends 
primarily on the iron analysis of the raw material 
and not on any additions of coke or moisture. 

The conclusions which can be drawn concerning 
the influence of moisture and coke content within 
the range 10 to 14 pct moisture and 6 to 10 pct coke 
on sintering conditions based on 90 pct confidence 
are as follows: 

A—Sintering rate increases directly with mois- 
ture content; however, it seems to be independent 
of coke content. 

B—Bulk density of the bed before sintering, cal- 
culated on a damp basis, is inversely related to coke 
content but independent of moisture. 

C—Bed permeability immediately after ignition is 
directly related to moisture but independent of coke. 
Bed permeability of the finished sinter bed, however, 
is independent of both moisture and coke. 

D—tThe total cubic feet of air drawn through the 
bed during sintering is inversely proportional to 
moisture content and independent of coke addition. 

The conclusions which can be drawn on sinter 
properties based on 95 pct confidence are as follows: 

A—Reducibility, strength expressed as the per- 
centage of —0.0331 in. after impact, and total and 
macro porosity are inversely related to coke content 
but independent of moisture. 

B—Magnetic assay, strength expressed as the per- 
centage of +0.132 in. after impact, bulk density, and 
ferrous iron analysis are directly related to coke 
contents but independent of moisture additions. 

C—Micro porosity and particle density are inde- 
pendent of both moisture and coke. 

D—Several interrelationships of sinter properties 
exist. These include relationships between strength 
and bulk density, total porosity, the percentage of 
magnetic, reducibility, and the percentage of ferrous 
iron. Relationships also exist between reducibility 
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and bulk density, total porosity and the percentage 
of ferrous iron, and between the percentage of mag- 
netic and ferrous iron content. 


Discussion of Results 

This report sheds additional light on the problems 
faced by the sinter plant operator in his attempts to 
produce a strong, dense, readily reducible blast fur- 
nace material. No experimental sinter produced in 
the laboratory up to this time has contained this set 
of properties, and the results presented here discount 
the possibility of producing such a material by vary- 
ing moisture and coke in the sinter mix. These state- 
ments do not preclude the possibility of producing 
such a material. The additions of fluxing agents, 


return fines, and variation of screen size of the com- 
ponents may have a pronounced effect on sinter 
quality. From this investigation, it is possible only 
to bring out the cause and effect of sintering condi- 
tions and sinter properties as influenced by moisture 
and coke additions. 
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HE specific effect of additives on the sintering 
process was studied in a relatively narrow sec- 
tion of sinter bed in which all variables were closely 
controlled. The sintering pot shown in Fig. 1 con- 
sisted of the upper portion of a 6x4 in. crucible. 

The charges to be sintered were mixed in two 
stages; dry blending on an ordinary rubber cloth 
and wet mixing in a cubical mixer. This vessel was 
constructed from %-in. steel plates welded together 
in the form of a cube having 15-in. edges. The cubical 
mixer, driven at 24 rpm about a diagonal axis, was 
also used as a tumbling device in shatter tests on 
experimental sinters. Tables I and II give the analy- 
sis of the hematite and coke used. 


Moisture and Permeability 


Addition of moisture to a mixture of fine ore and 
fuel provides a means of controlling the permeability 
of the sintering bed. With a fixed fan capacity, bed 
permeability in turn governs the sintering rate of the 
charge. The nature of this relationship was studied 
without performing actual sintering tests. Charges 
of ore containing varying percentages of water were 
prepared and carefully riddled into the sintering 
pot. The permeability of each charge was then meas- 
ured by switching on full suction and recording the 
flowmeter reading. From the data presented graph- 
ically in Fig. 2, it ts evident that the permeability of 
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Additives Produce Strong 
And Reducible Iron Ore Sinter 


by R. D. Burlingame, Gust Bitsianes, and T. L. Joseph 


Fig. 1—A small scale laboratory sintering machine was 
built. Ignition was accomplished by covering the Ye in. 
layer of charcoal on the surface of the charge with a 
heated fireclay brick. 
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Fig. 2—Bed permeability as a function of moisture content 
increased rapidly up to 11.5 pet. 


the bed increased rapidly with moisture additions 
up to 11.5 pet. 


Strength and Fuel Content 

The strength of sinter is closely related to the fuel 
content of the charge. A series of runs was made in 
which the coke content was varied from 4.5 to 10.0 pct 
while the moisture was maintained at the optimum 
11.5 pet. The results of this work are shown in Fig. 3. 

Charges containing less than 4.5 pct coke yielded 
sinters too weak for ordinary handling. At 4.5 pct 
coke a weakly-fritted structure was formed. At 4.8 
pet coke the sinter was still characterized by a gran- 
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Fig. 3—The rate of strength increase as a function of coke 
content falls off rapidly beyond 6 pct of fuel. The bulk of 
commercial sinter is produced from charges containing 5.5 
to 7.0 pct coke. 
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ular, loosely bonded structure but showed that some 
strength was beginning to develop as a result of 
incipient fusion. 

The charge containing 5 pct coke showed definite 
signs of fusion and the resultant structure was a 
transient one between the low temperature granular 
type and a high temperature vitreous product. At- 
tending the fusion process was a very sharp increase 
in strength. Beyond 6 pct of fuel, however, the rate 
of strength increase fell off rapidly. In this connec- 
tion, it is interesting to note that the bulk of com- 
mercial sinter is produced from charges containing 
from 5.5 to 7.0 pct coke. 


Table |. Chemical Analysis of Hematite Used in Making Sinter 


Constituent Pet 
Iron 57.01 
Ferrous iron 0.24 
Silica 10.92 
Titania 0.34 
Alumina 2.01 
Lime 0.14 
Magnesia 0.96 


Table I1. Chemical Analysis of Coke Breeze Used in Making Sinter 


Constituent Pet 
Fixed carbon 85.9 
Volatile matter 41 
Ash 10.0 


Sinters that are easily reduced are generally char- 
acterized by a high degree of oxidation and a min- 
imum of fusion. Combustion within a charge of high 
fuel content generates a strongly reducing atmos- 
phere and excessive temperatures. These conditions 
bring about the reduction of hematite and the par- 
tial fusion of magnetite and other charge consti- 
tuents. The final product is a sinter with low micro- 
porosity and one in which the iron exists largely in 
the ferrous form. Both of these conditions contribute 
to a drastic lowering of reducibility. 

Conventional sintering methods present a dilemma. 
If the undesirable melted structure is to be avoided, 
sintering must be conducted with charges containing 
less than the critical amount of fuel. Although such 
a product is more reducible, its inferior strength 
precludes its use as a blast furnace feed. From these 
considerations, it was postulated that a low fuel 
sinter possessing both strength and reducibility could 
be made by including a small amount of additive in 
the sintering mixture. This additive should lower 
the sintering temperature of the system to the ex- 
tent that a strong bond would result from the use 
of smaller quantities of fuel. The decreased fuel con- 
tent should also promote the formation of a highly- 
oxidized, unfused structure. 


Sinter Strength and Additives 


It was found that a 4.8 pct coke content would 
permit agglomeration without mass fusion and that 
the strength of this sinter was sufficient to with- 
stand ordinary handling. This composition was ac- 
cordingly chosen as a low temperature reference 
point to compare sinters containing additives. Pre- 
sumably, a charge containing 4.8 pct coke and an 
effective additive would produce a stronger sinter. 

With the moisture and coke of the charge held at 
11.5 and 4.8 pct, respectively, sinters were made 
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with varying percentages of a given additive. Gen- 
erally, the strength values obtained for 0, 1, 2, and 
3 pet of an additive were sufficient to establish a 
strength curve for each substance. The data are 
summarized in Fig. 4. It is immediately apparent 
that lime and calcium carbonate possessed the best 
bonding properties. All other substances were either 
ineffective or not commercially feasible at the con- 
centrations used. The calcium carbonate curve 
showed a final drop in strength due to the endo- 
thermal effect of the calcination reaction. Mixtures 
of fluospar and borax glass with the lime additive 
did not prove beneficial. It seemed these substances 
had a neutralizing effect on the lime additive. 


Sinter Strength and Lime Additions 


Sinter mixtures containing varying amounts of 
coke and CaO were prepared. The coke was varied 
from 3.5 to 7.0 pet and the CaO from 0.5 to 4.0 pct. 
In all runs the moisture was held constant at the 
optimum 11.5 pct level. 

The resultant strength curves plotted in Fig. 5 
show that if sufficient CaO is added, any strength 
characteristic of a straight-coke sinter (0 pct CaO) 
may be attained by using considerably less coke. 
These CaO additions are most effective at the lower 
concentrations, particularly below 1 pct CaO addi- 
tion. The close spacing of the curves in the high 
CaO region shows that the useful limit of CaO addi- 
tions for any strength level and for the particular 
conditions tested is about 4 pct. There is also a 
limiting condition here as to the minimum coke 
which will produce any desired strength level. 

Fig. 5 shows the slope of the straight coke (0 pct 
additive) curve falls sharply at about 6 pct coke 
while the high CaO curves remain linear. This 
divergence is of practical advantage, for low coke 
sinters containing CaO may be made with strengths 
greater than those made from high coke charges 
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Fig. 4—Sinter strength as a function of additive content 
shows that lime and calcium carbonate possess the best 
bonding properties. 
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Fig. 5—Sinter strength as a function of coke content for 
various percentages of CaO is shown. 


without CaO. Moreover, it was shown that the for- 
mer are more reducible. 


Conclusions 


It was demonstrated that sinter simulating a com- 
mercial grade could be made from charges of about 
2 lb. The following points were demonstrated by 
this study: 

A—On the small scale employed, the relative 
strengths of sinter were assessed with excellent re- 
producibility by disintegrating them in a standard- 
ized shatter test and comparing their mean particle 
sizes. The sinter strength varied directly as the mean 
particle size. 

B—The components of the sintering charge should 
be thoroughly mixed to obtain high thermal effi- 
ciency and structural homogeneity of product. 

C—tThe bed permeability should be high to obtain 
the maximum rate of sintering. For a given size dis- 
tribution and for a given packing density the overall 
permeability becomes largely a function of the mois- 
ture content of the bed. As the dry solids are mois- 
tened, the permeability increases to a maximum 
value beyond which muddiness occurs. Maximum 
permeability is the result of pelletizing of the fine 
particles under optimum conditions, which corres- 
ponded to a 11.5 pet moisture content. 

D—tThe sinter strength was found to be strongly 
influenced by the coke content of the charge. The 
strength increased very rapidly as the fuel content 
exceeded the value corresponding to the onset of 
mass fusion. In the case of the ore tested, fusion 
began sharply at 5 pet coke. As the coke content 
increased above 6 pct, the temperature exceeded 
that of total fusion and the rate of strength increase 
tended to diminish. 

E—A survey of 14 additives and combinations 
clearly revealed that lime and calcium carbonate 
possessed the best binding qualities. All others were 
either ineffective or not commercially feasible. 

F—By using a small percentage of lime, a strong 
sinter could be made with considerably less coke. 
For the ore used, the beneficial effect of lime in- 
creased to a limit of about 4 pct lime. Another ad- 
vantage attending lime-bonded sinters is in their 
higher reducibility without a sacrifice in strength. 
This greater reducibility is associated with higher 
degrees of oxidation, greater microporosity, and the 
absence of mass fusion. 
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The Seven Islands dock and terminal now under construction will have, when completed, approximately 40 miles of track. 
Trains will haul 60,000 to 70,000 tons of ore per day, and ships will be loaded at the rate of 8000 tons an hr. 


Quebec-Labrador lron Ore 


Potential Dwarfs Mesabi Range 


by W. H. Durrell 


RON ore was first discovered in Labrador in 1929, 

but it was not until seven years later that a 
20,000 sq mile concession for its development was 
obtained by Montreal mining interests. Geological 
parties were put in the field, and by the end of 1939 
six of the currently recognized ore bodies had been 
found. At that time it became evident that what was 
long known as New Quebec, or Ungava, also held 
deposits of iron ore, and a license was obtained 
covering 3900 sq miles there, adjacent to the Lab- 
rador concession. Work was suspended during 1940 
and 1941 because of the lack of money, and it was 
not until 1942 that the development really com- 
menced with the association of Hollinger Consoli- 
dated Gold Mines Ltd., headed by the Timmins fam- 
ily, and the M. A. Hanna Co. of Cleveland of which 


W. H. DURREL is General Manager, Iron Ore Co. of Canada, 
Montreal, Canada. This article is abstracted from a paper pre- 
sented at the AIME Chicago Section Meeting, Chicago, Jan. 6, 1954. 
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George M. Humphrey, the present Secretary of the 
Treasury, was president. 

The ore field is located geographically on Latitude 
54° 50° N and Longitude 66° 50° W, about 320 air 
miles north of Seven Islands, a port on the north 
shore of the St. Lawrence 500 miles above Montreal. 
The area is a glaciated plateau of moderate relief 
between 1500 and 2500 ft above sea level. Lakes and 
rivers are numerous and fair stands of timber occur 
in the valleys. Most of the ore consists of mixed 
hematite, but occasionally magnetite is present. 

After the initial exploration, the Iron Ore Co. of 
Canada was formed for the purpose of further financ- 
ing the development. In this organization five steel 
companies——-Republic Steel Corp., National Steel 
Corp., Armco Steel Corp., Wheeling Steel Corp., and 
the Youngstown Sheet and Tube Co.—joined with 
Hollinger-Hanna and the two concession companies 
to prepare for commercial] production. Another com- 
pany, Hollinger-Hanna Ltd., equally owned by Hol- 


Iron ore deposits have been developed from a few surface 
deposits. There remains thousands of square miles of favor- 
able territory to be explored. 


linger and Hanna was formed to supervise manage- 
ment of the operations. 

The present concession area is almost equivalent 
to a strip a mile wide around the earth at the equa- 
tor. A large part of the area is favorable to the de- 
position of nonferrous metals, but the bulk of it is 
good prospecting ground for iron ore. 

The importance of this iron ore area can best be 
appreciated by comparison to the Mesabi Range. On 
Mesabi, the area of favorable rock is 110 miles long 
and from 1 to 5 miles wide with a productive zone 
about 70 miles long. The Quebec-Labrador conces- 
sion situated in what is known as the Labrador 
Trough is 225 miles long and from 10 to 60 miles 
wide. Exploration already completed discloses that 
the productive zone is 90 miles long with good chances 
of being extended at both ends. The Mesabi is cov- 
ered generally by thick overburden, and the iron ore 
deposits were found by test pitting and systematic 
test drilling. In Labrador and Quebec, most of the 
ore has been developed from a few surface deposits. 
When it is considered that at least 95 pct of the area 
is covered by overburden and that there remain 
thousands of square miles of favorable territory still 
to be explored, it can be appreciated that the possi- 


Railroad construction involves two tunnels and a number 
of bridges, one being more than 700 ft long and 150 ft 
above the Moise River. 


A fleet of 20 planes operated between Mont Joli and Seven 
Islands and northward to 14 airstrips built in the bush 


along the route of the railroad. 


bilities for developing additional ore are tremendous. 
More than 200 million tons are within a radius of a 
mile or two of the base camp at Knob Lake. 


Mining and Transportation 

Mining will be the least of the problems since it 
will be entirely an open pit operation. The mining 
season will be limited to six months because of the 
possibility of the ore freezing in transit between the 
mines and the port at Seven Islands. Plans call for 
blasting the ore; loading by 6 to 7 yd shovels into 
30-ton trucks and hauling to a crushing and screen- 
ing plant in the pit. From the plant the ore will be 
elevated by belt conveyors to railroad loading 
pockets. It is planned to haul 10,000 to 14,000 tons 
per train or from 60,000 to 70,000 tons per day. At 
the port of Seven Islands ships will be loaded at the 
rate of 8000 tons per hr from a 1600-ft dock. Rotary 
tandem car dumpers which will handle two 90-ton 
ore cars every 50 sec are presently being constructed 
in the Seven Islands yards. From these car dumpers 
the ore will be carried by belt conveyor direct to 
the ship or to the stockpile. 

The operation ends up largely as one of trans- 
portation. All important in the system will be the 
360 mile railroad between Knob Lake and Seven 


3 
The Marguerite Power Div. dam near Seven Islands is one 
of two hydroelectric plants. The other is being constructed 
near Knob Lake. 
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For the first hun- 
dred miles north of 
Seven Islands, the 
railroad track follows 
canyon -like river val- 
leys to land eleva- 
tions of 1900 ft. 


Islands, and construction efforts have been concen- 
trated mostly on that lifeline. 

Construction work could not have been kept on 
schedule had not one of the largest civilian airlifts 
in the world been placed into effect. The southern 
terminus is at Mont Joli, a railroad divisional point 
on the south shore of the St. Lawrence. A fleet of 
20 planes operated between Mont Joli and Seven 
Islands and northward to 14 airstrips built in the 
bush along the route of the railway. All cargo air- 
craft worked around the clock, and to the end of 
1953 carried a total of 200 million lb of supplies and 
thousands of passengers. The freight included 
everything from beans to bulldozers; some pieces 
transported weighed as much as 50 tons and had to 
be shipped knocked-down and subsequently re- 
assembled on the job. 

It is now possible that shipment of ore will begin 
by late summer of this year. It is intended to stock- 
pile 2 million tons at Seven Islands to extend the 
shipping season at that port which is free of ice at 
least nine months of the year. At present $200 mil- 


A typical side cut is shown being blown during the con- 
struction necessary to mine the large iron ore deposits. 
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lion has been expended and large additional sums 
will be spent before production is begun. To insure 
a fair return on the investment, 10 to 12 million 
tons of iron ore must be shipped a year. 

The participating steel companies in the venture 
have agreed to take the first 10 million tons. In ex- 
panding beyond that figure competition will be met 
from Mesabi taconites and ore from Venezuela, 
Liberia, Sweden, and Brazil. Much of the success 
of the venture will depend upon the ability to lay 
down Quebec-Labrador iron ore at prices well 
within the current market. 

No transportation problem exists in moving ore 
from the mines to Montreal. At Montreal the ore, 
in the absence of a Seaway, will be trans-shipped to 
existing canallers which can carry no more than 2 
million tons a year. Ore will also be shipped from 
Seven Islands by sea to Philadelphia and Baltimore 
to serve both seaboard and inland steel mills. Should 
there be a Seaway, practically all ore for inland 
steel mills would move by water through to the 
Great Lakes. The pattern of Quebec-Labrador iron 
ore would thus follow that of Lake Superior ore. 


St. Lawrence Seaway 

The economic advantages of the St. Lawrence 
Seaway are readily apparent in increased hydro- 
electric power and the delivery of cheap iron ore to 
inland steel plants. But the strategic factor out- 
weighs all others. In times of peace, American steel 
mills can count on ore imported from South America, 
Africa, and other lands. But the experience of two 
wars makes it clear that the sea lanes would be- 
come very hazardous and might possibly be closed 
should hostilities break out again. Then the life of 
two nations, Canada and the United States, might 
well depend upon steel produced from the ore of the 
mines located in what might be termed their back- 
yard. All of the iron ore in Quebec-Labrador would 
be useless, however, unless it could be transported 
quickly and in volume to the steel mills. For that 
purpose, the St. Lawrence Seaway would be invalu- 
able and irreplaceable. 


URING the 30-year period spanned by these 

annual Howe Memorial presentations, many 
lecturers could proudly claim a kinship either as a 
student or an associate of the man whose memory 
we honor. Although it has been my good fortune to 
have attended many of these annual lectures, it was 
not my privilege to have known Henry Marion 
Howe personally. However, his great repute as 
teacher and scientist was known to all undergradu- 
ates of my day and the later years have enhanced 
my appreciation of his wisdom and foresight. Those 
who knew him well have said he derived particular 
pleasure from speculations on the future world of 
metallurgy. For this reason, I feel that perhaps he 
would not be unsympathetic to a lecture in his honor 
which departs from the highly instructive scientific 
presentations made in the past by so many able 
Howe Memorial lecturers, and which is concerned 
more with the practical phases of various steelmak- 
ing processes and some speculations on their future 
form and relative importance. 

The word “revolutionary” is frequently applied 
to each seemingly important improvement in the 
production of steel ingots, but in retrospect these 
changes, impressive as they appear at the time, are 
merely steps of progress. In the hundred years from 
the inception of tonnage steelmaking, only three 
processes can be truly classified as revolutionary. 
They are the pneumatic process, known in this 
country as the bessemer process; the reverberatory 
method called the open hearth process; and, the 
electric furnace process. There have been many 
variations and combinations of the three funda- 
mental methods, but they remain truly the only 
revolutionary methods in steelmaking since its early 
history. Everything else has been evolutionary, in 
effect doing the same things that we have done in 
the past but doing them better, correcting our errors 
through experience, and slowly but inevitably reach- 
ing a higher state of accomplishment. 

It has often been said that coming events cast 
their shadows before, and the production of steel 
ingots is no exception. As a result of the unrelent- 
ing demands of World War II and the years that 

C. D. KING, Member AIME, is Assistant Vice President of 
Operations, United States Steel Corp., Pittsburgh. 

TP 3762C. Manuscript, Feb. 23, 1954. New York Meeting, 
February 1954. 
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Steelmaking Processes — Some Future Prospects 


by C. D. King 


Howe Memorial Lecture, 1954 


followed, truly impressive progress has been made 
in steel ingot production. The incessant pressure for 
immediate results during this period required the 
employment of initiative and daring, as in few past 
decades, and many developments were brought to 
fruition. Of equal importance is the possible effect 
on future steelmaking methods of the many ideas 
initiated but still in formative stages. 

Fig. 1 portrays ingot production in the United 
States by the three fundamental processes over a 
period of 75 years and is interesting because it poses 
some questions as to future trends. The early as- 
cendancy of the bessemer, its replacement in impor- 
tance by the open hearth process, the amazing 
growth of the latter, and the recent challenge of the 
electric furnace are evident from the chart. Man- 
agement is fully aware of these changes, but is even 
more interested in the future trends. 

Our concepts of the relative importance of the 
more recent developments and their possible effect 
on future processes may perhaps be best exemplified 
by a specific, hypothetical problem. Let us assume 
management is contemplating a new ingot produc- 
ing plant with an output of 100,000 net tons per 
month, located in an area where some purchased 
scrap may be obtained but where by far the largest 
component will be own-produced blast furnace iron. 
Management requires a process or combination of 
processes which will yield highly uniform quality 
characteristics in the ingot form, and represent the 
soundest selection in investment and operating cost. 

Under these conditions, the obvious selection for 
the past four decades has been the open hearth 
process but, in view of more recent developments, 
management may believe that it is no longer per- 
missible to disregard other possibilities with im- 
punity. Accordingly, to be assured of the best pos- 
sible selection, they request that you review not 
only the possibilities of utilizing the conventional 
open hearth, duplex, bessemer, and electric furnace 
methods, but also the more recent developments, 
such as the turbo-hearth, the Linz-Donawitz 
method, the Perrin modifications, and other possi- 
bilities. With this background, one might then ap- 
praise the relative importance of these methods to 
meet a specific need, and concurrently speculate 
on the forms that future ingot processes will assume 
and the relative importance of these processes. 
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Fig. 1—Production of ingots according to processes from 1875 to 
1952. 


Open Hearth Process 

The open hearth process constitutes approxi- 
mately 88 pct of this country’s total ingot capacity 
and has proved its worth under extremely varying 
conditions. Accordingly, a review of its past and 
present merits is essential for an approximation of 
its ultimate potential, and one would naturally first 
consider its possibilities for the problem at hand. 

Fig. 2 reflects the history of furnace productivity 
for a selected group of hot metal plants over a 
period of approximately 50 years. The triangles in 
the figure represent the production performance of 
a number of plants in the year 1905, the squares for 
the year 1925, and the circles for the year 1950. 
The first period is represented by heats ranging 
from 50 to 70 tons, the second period from 75 to 150 
tons with the greatest number being about 100 tons 
in size, while in 1950 the heat size ranged from 75 
to 250 tons, with the greatest proportion being about 
150 tons. Of special interest, although not shown in 
the figure, is the fact that many of the plants repre- 
sented in 1905 appear with larger heats in 1925, and 
again in 1950 with much larger heats from osten- 
sibly the same furnaces. 

Of particular importance is the similarity in heat 
time, the average time of heats tap-to-tap being 
approximately 12 hr in 1905, continuing as such in 
1925, and was but slightly different 25 years later. 
The apparent lack of progress in tap-to-tap time 
can be misleading if this alone is used in judging 
progress of the open hearth process. It should be 
remembered that in numerous cases in this country 
much larger heats are being produced with no en- 
largement in overall exterior furnace length; it is 
not uncommon for many furnaces to operate with 
heat sizes more than twice as large as when orig- 
inally built. That in itself is no mean achievement 
when recognition is also made of the more stringent 
steel specifications and properties required today in 
comparison with the past. Furthermore, it should 
be noted that many of the plants in the early part 
of the century and as late as 1925 derived a consid- 
erable part of their scrap from heavy melting bes- 
semer steel discards and other preferential types of 
scrap from industrial sources now replaced by ever 
increasing lighter scrap. 

Despite the foregoing valid considerations, it is 
difficult to reconcile such long heat times with pres- 
ent concepts of production rates unless further 
analysis is made of these apparent shortcomings. In 


456—JOURNAL OF METALS, APRIL 1954 


most cases, increased charges were made to the 
same furnaces without provision for expansion of 
auxiliary facilities. Almost invariably this resulted 
in increased production per furnace at the expense 
of some extension in heat time. In numerous in- 
stances, even additional furnaces were added to a 
shop without supplying the necessary auxiliary fa- 
cilities, thereby compounding the sins of omission. 
These changes were often followed by a modifica- 
tion of the furnace itself, usually by widening and 
extending the hearth. In anticipation of increases 
in production resulting from these enlargements, 
some additional auxiliary facilities were provided, 
such as cranes, ladles, charging machines, and the 
like. Hardly any effort or thought was expended on 
the need for greater preheated air volumes and 
temperature to burn more fuel to melt a larger 
charge. Since checker chambers, flues, valves, and 
air volume admitted to the furnace did not keep 
pace with the enlargement in heat size, it is small 
wonder that the heat times did not decrease at all 
plants with the passing years. 

More recently, there has been a recognition of the 
influence of some past omissions. Fig. 3 represents 
the performance during the year 1952 of 55 hot 
metal open hearth plants, equal to 66 pct of all open 
hearth production. It comprehends some of the 
largest furnaces and therefore some of the most 
modern plants. Fig. 3 represents an average heat 
time for all the hot metal plants of 11 hr 45 min 
tap-to-tap, a moderate improvement over the 12 hr 
average heat time prevalent for the past 50 years. A 
further and noteworthy improvement of approxi- 
mately 30 min in tap-to-tap time is reflected in the 
more recent 1953 performance. Of special signifi- 
cance, however, is the great disparity in production 
rates between furnaces of presumably the same 
size. For example, one can observe in the 150 ton 
group that production rates range from 10.0 to 15.5 
tons per hr. Even greater variations are indicated 
in the plants tapping 190 ton heats, ranging from as 
little as 10 to as much as 21 tons per operating hour, 
an astounding difference for furnaces of similar size. 
It is equally difficult to explain the differences ex- 
isting in plants tapping 225 ton heats and greater. 
One need only glance at the 16 ton per operating 
hour level to observe that in 1952 such a production 
rate was obtained at some plants with 150 to 160 
ton furnaces, whereas heat sizes of over 250 tons 
were required for this production rate at other 
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Fig. 3—Performance of 55 open hearth furnace hot metal plants, 
1952 production. 


plants. Thus, as late as 1952, we note what appear 
to be large discrepancies and a repetition of some of 
the same faults of omission previously cited. In 
some cases, it is a lack of auxiliary facilities, in 
others, inadequate material handling combined 
with poor scrap preparation, in others, lack of air to 
burn the fuel required for increased charges in the 
same furnace, plus a list of minor deficiencies too 
long to enumerate. And again appears the old story 
of too many furnaces under one roof for the track 
and material handling facilities available. The so- 
lution does not lie alone in proper scrap preparation, 
adequate storage tracks, and auxiliary facilities. 
Even where shops are reasonably parallel in this 
respect, there are marked differences in output from 
presumably the same sized furnaces. It is therefore 
necessary to examine the question of furnace size. 

Too frequently we are prone to consider that all 
plants tapping the same tons per heat have furnaces 
of equal physical size. An examination of hearth 
areas alone shows this to be far from correct. The 
present accepted definition of hearth area states that 
it is the product of the width times the length of a 
furnace hearth inside the brickwork at the sill line. 
It consists therefore of a theoretical rectangle, al- 
though in actual practice the contour is quite differ- 
ent. Nevertheless, the relation of hearth area to 
heat size, as is customarily indicated by the expres- 
sion “square feet of hearth area per ton,” can be 
applied to indicate the extent to which a furnace is 
undercharged and with a shallow bath as opposed 
to one which is overcharged or deep. Table I shows 
the actual performance of a selected group of 
American hot metal plants tapping over 200 ton 
heats, the most recently built open hearth plants 
being excluded. Since modern or modernized plants 
are generally 200 tons and over in heat size, this 
comparison reflects an interesting difference in con- 
cept as to requirements for maximum production. 
Again we note great differences in heat time for the 
same sized heats, but here at last we find one of the 
major reasons for the differenve. Some furnaces are 
overcharged by comparison with others, and where 
this involves a hizh pig percentage with an associ- 
ated large proportion of charge ore, a time-con- 
suming operation is required for removal of excess 
metalloids. Should higher scrap charges be resorted 
to, since they are more suited to deep furnaces, ex- 
tended charging delays may result if the scrap is 
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not properly prepared and particularly if adequate 
auxiliary facilities are lacking. If such plants in- 
clude a large number of furnaces, the problem be- 
comes increasingly difficult. Plants F, G, and H in 
Table I represent hearth areas around 4.0 sq ft per 
net ton ingots tapped, an area lending itself to high 
pig charges and providing moderately shallow 
hearths conducive to fast reactions. It is a figure 
generally accepted in the design of new plants as 
the minimum with which such plants should start. 
If we apply this figure to plant C, then, in essence, 
we are discussing a plant with 179 rather than 268 
net ton furnaces. It illustrates one important dis- 
parity between plants and it leads us to suggest that 
the industry consider the adoption of a more ra- 
tional method of determining the true size or ca- 
pacity of furnaces than presently exists. 

Plants F, G, and H are comparable in heat size, 
hearth areas, pig percentages used, types of steels 
made, and essentially similar in type of fuels used. 
They are all of the same age, are well equipped 
with auxiliary facilities, adequate sized charging 
boxes, large door openings, and all the many other 
requisites for fast charging and high production 
rates. Nevertheless there is a substantial difference 
in production accounted for largely by differences 
in three important prerequisites for maximum pro- 
duction where high pig percentages are used. One 
is use of a hot, low silicon iron, the second is use of 
superior charge ores, and, lastly, employment of 
high firing rates with adequate air supply. Low 
silicon iron is most desirable, if it can be produced 
in blast furnaces. A low silicon iron requires the 
minimum quantity of charge ore for any given iron 
usage, and, when accompanied by suitable charge 
ore, forms the basis for maximum production. The 
use of charge ore in steelmaking is an unfortunate 
requirement since it necessitates heat and is accom- 
panied by time-consuming reactions. Its sole virtue 
is its contribution to a low cost source of metallics; 
however, when such cheap iron units are made pos- 
sible only by fine, siliceous, and high moisture ores, 
the apparent economy becomes a liability in its 
overall effects and the production of any plant, no 
matter how well designed and equipped, is ad- 
versely affected. Even today, there are vast differ- 
ences in firing rates for similar sized furnaces, a 
major factor in furnace output. 

The new plants recently placed in operation re- 
flect full recognition of many of the limitations pre- 
viously existing, and their design and layout pro- 
vide against such errors. The element of generous 
hearth areas for higher pig percentages is compre- 


Table |. Production Rates of Selected Open Hearth Plants. 200 
Net Ton Heats and Over—Year 1952 


Theo- 
Production Rate 
Per Heat 
Month 
Per sed 
Hearth Area, = Heat Fur- on40 
Ft Time, nace, Ft 
Heat Per Tap- Per PerM loo Per 


Size, Per Net to-Tap 
Net Fur- Tons (ur: ating 
Plant Tons «nace Ingots Min) Hour Area able 


A 209 710 3.38 15:30 13.48 18.99 9,870 178 
B 260 923 3.55 18:11 14.29 15.48 10,460 231 
C 268 716 2.67 17:18 15.49 21.63 11,340 179 
D 200 732 3.66 12:00 16.54 22.60 12,110 183 
E 206 756 3.67 12:53 15.97 21.12 11,600 189 
F 234 936 4.00 10:38 21.84 23.33 15,990 234 
G 226 884 3.91 9:51 22.94 25.95 16,790 204 
H 222 884 3.98 $:36 23.13 26.17 16,930 221 
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hended in such plants, as shown in Table II. While 
assuredly future operators of these plants will tap 
heats even larger than those represented by the 
theoretical size, there is sufficient latitude in pres- 
ent hearth areas to permit some increase without 
adverse effects. If the hearths are extended in 
length, as have many other furnaces in the past, it 
is unquestionable that much larger heats will be 
successfully tapped than is presently contemplated, 
provided the necessary auxiliary facilities are made 
available. 

Plants which are deficient in individual furnace 
design and in operating technique have much to 
gain from the detailed knowledge freely exchanged 
in technical societies such as this and others. In 
this presentation, we are not concerned with these 
details as much as we are with highlighting the 
overall considerations which form the basis of se- 
lection from various available steelmaking proc- 
esses. Accordingly, for the purpose of demonstrat- 
ing the next major consideration, we will assume 
the existence of well designed furnaces employing 
modern controls and techniques. 

It has been demonstrated innumerable times in 
such plants that when a single furnace is given 
preferential charging treatment and is fired at a 
maximum rate compatible with the ability of the 
furnace to provide air to burn such fuel, this unit 
can produce heats in from 8 to 9 hr tap-to-tap over 
an extended period of its useful life. This may com- 
pare with an average of 11 to 13 hr, or more, for all 
the furnaces in the same shop. Many plants possess 
such furnaces. Unfortunately, they fall far short of 
their inherent possibilities due to poor logistics— 
the method of getting materials to and from fur- 
naces with a minimum delay. 

It is not always appreciated that in such a plant 
as that which we are using as a basis for our dis- 
cussion—100,000 net tons ingots monthly—there is 
handled as much as 9000 tons of material per day on 
both the charging floor and pitside, or as much as a 
good sized boat carries, or equal to a trainload of 
180 cars. Furthermore, the materials exist at differ- 
ent elevations and in all manner of forms: hot and 
cold, in huge ladles, and also in small ounce pack- 
ages, transported in boxes, thimbles, railroad cars, 
shovels, and by wheelbarrow, to mention only a few. 
Assuredly there never was a more profitable field 
for the talents of genuine materials handling ex- 
perts. Too many of us are prone to play the expert 
in a most difficult area, and one of the most impor- 
tant reasons for the failure of some plants to match 
the performance of others lies in the inherent diffi- 
culties of keeping furnaces promptly charged and 
materials moved from the pitside. This may appear 


Table I. Rated vs Actual Heat Size of New Open Hearth Plants 


Hearth Area, 
Sq Ft 


Per 
Fur- 
Company nace 


Youngstown Sheet & Tube Co., 
Indiana Harber 

Armeo Steel Core. Middletown 

Jones & Laughlin Steel Corp., 
Pittsburgh 

Inland Steel Ce., Indiana Harber 

United States Steel Corp., Fair- 
less 
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Table I11. Hypothetical Open Hearth Charge for Hot Metal Plant 
Producing 100,000 Net Tons per Month 


Charge Requirements 
~~ Lb per 
Net Tens Net Tons Lb per 


Basis: 225 Net Tons 
per Month Ingots Heat 


per Heat 


Gross 
Metal, Pet 


Hot metal 

Celd tren 

Steel scrap (own) 
Steel serap (purch.) 
Fe in ore 

Additions 

Gross metal 

Ingot yield (pet) 
Ingots 
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to be too simple an explanation of the great differ- 
ences in performance, but it is my considered opin- 
ion that it is too often the main factor contributing 
to low and inefficient productivity at many plants. 
The greatest injustice we can do to the generations 
that follow is to limit their capabilities by the need- 
less logistic bottlenecks we create. Rather we should 
insist, in our plant layouts, on a generous provision 
of trackage, heat assembly, ingress and egress from 
all parts of the plant and at the furnace proper, 
both at charging floor level and below. Lacking 
such provisions, the full potential of an open hearth 
furnace cannot be realized. 

With these prerequisites established, it now be- 
comes possible to visualize, in a preliminary way, 
the type of open hearth you can recommend to your 
management, if that is the process ultimately se- 
lected. The heat size selected for illustrative pur- 
poses only is 225 net tons and the furnaces are pro- 
vided with generous hearth areas conducive to 
maximum production rates when using high per- 
centages of iron, such as initially prescribed and 
shown in Table III, amounting to 64 pct based on 
iron and scrap. 

With such a charge, low silica, high quality charge 
ores and excellent flush practices are imperative, 
the latter invariably involving front flushing. If low 
silicon iron of consistent analysis is not available, 
one might consider the practice at a number of in- 
stallations on the Continent which utilize oxygen for 
desiliconizing iron to as low as 0.20 pct Si and do so 
on a large plant scale. The results are threefold: the 
temperature of the iron is increased, the charge ore 
and flux requirements are reduced, and slag volume 
in the open hearth furnaces is substantially de- 
creased. All contribute to speeding up the ingot pro- 
duction rate. In this country, one plant has used 
such a practice, by employing roll scale, although 
the amount of iron so treated is limited by the quan- 
tity of roll scale available. There is no reason to 
question its favorable effect on production rates, but 
whether such practices are economical depends on 
the situation at hand. 

Table IV reflects the average performance of hot 
metal plants in 1952 compared with data on an ex- 
cellent present-day operation, and a further com- 
parison is made of a practice which we believe to be 
attainable from such size furnaces in the future. 

The essential differences between the average 
1952 performance and that representing excellent 
modern-day practice amounts to as much as 2 hr 
from tap-to-tap or a difference of 20 pct in produc- 
tion rate. The longer time for charging scrap is a 
reflection of poor scrap preparation, inadequate sized 
boxes, frequently inadequate auxiliary facilities, 
and low fuel-firing rates. The last is reflected again 
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in deficiencies in the periods “Hot metal to melt” 
and “Melt to tap.” The use of mediocre charge ores 
as compared to superior materials is again apparent 
by as much as a 30 min difference in the intermedi- 
ate period between hot metal and melt, and when 
combined with irons too high in silicon, the penalty 
is even greater. Excellent modern practice invari- 
ably involves maximum fuel-firing rates and early 
feed ore additions. Even in the matter of delays, the 
average 1952 performance again reveals needless 
stock delays. In the important field of furnace 
availability, a substantial difference is indicated be- 
tween the average 1952 performance and that which 
is accepted as excellent practice. The latter is in- 
variably the result of well planned rebuilds, ready 
accessibility to and from furnaces, the employment 
of modern techniques for transporting brick to fur- 
naces, the use of incentives, and the many other de- 
vices known to the industry. Thus, even today, the 
difference between excellent and average practice 
can be as much as 25 pct in output over extended 
periods of time, and those which fall below even the 
average performance have much to gain by modern- 
ization of their facilities as well as operating pro- 
cedures. 

The future open hearth plant should first of all 
provide a substantially greater relative hearth area 
than even represented by excellent modern prac- 
tices and particularly so where high pig iron charges 
are involved. This assures a shallower bath with its 
attendant advantages. The overall length of such 
furnaces need be no greater than present-day de- 
sign, the difference being in small port and uptake 
areas. Such extended hearths, at the expense of 
needlessly large uptakes, have invariably proved 
their worth where installed in recent years. 

While provision is made for the use of oxygen-en- 
riched air to permit the most rapid melt-down of 
scrap prior to hot metal additions, it is possible in 
many cases to obtain the same results by improved 
combustion techniques alone. The employment of 
oxygen for decarburizing, particularly where large 
proportions of low carbon steels are involved, is a 
prerequisite for maximum production. The prepar- 
ation of scrap, under the conditions obtaining for 
the hypothetical plant in question, is a necessity if 
charging delays are to be eliminated entirely. 

The various components making up the 9 hr tap- 
to-tap time have been consistently achieved by in- 
numerable plants, and in a few isolated cases these 
fast heat times have been accomplished for consid- 
erable periods but not on a sustained basis. The 
furnace availability of 96 pct is already attained by 
a number of excellently operated plants and, no 
doubt, even this outstanding performance will be 
improved in the future. Obviously, the 9 hr tap-to- 
tap for future plants of this character can only be 
obtained under what, to many, may appear ideal 
conditions. Nevertheless, since there is no open 
sesame to this problem, it involves painstaking and 
continued efforts in every single phase of operations 
in ingot production, and the objective is, as always, 
to attain what appears today to be ideal. 

Thus, we can expect our future open hearth fur- 
naces of this size to produce as much as 17,500 net 
tons ingots per month. Six furnaces would then be 
sufficient to meet the objective as opposed to eight 
required on the basis of the 1952 average perform- 
ance. If larger furnaces were considered desirable, 
proportionately less units would be required. Con- 
trariwise, smaller furnaces would mean more units. 
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Table IV. Present and Future Open Hearth Production for Hot 
Metal Plant Producing 100,000 Net Tons per Month 


1952 Excellent 
Average Modern 


Basis—225 Net Tons per Heat Future 


Begin charge to finish scrap, hr:min 1:45 
Finish scrap to finish het metal, 
hr:min 


Total charge, br:min 
Hot metal to melt, hr:min 
Melt to tap, br:min 


Charge to tap, hr:min 
Delays, br:min 


Tap-to-tap, hr:min 
Net tons per operating hour 
Furnace availability, pet 
Production per furnace per month, 

net tons 
Increase over 1952 average, pet —_— 
No. furnaces required to produce 

100,000 net tons ingots per month 78 


* Melt-down with oxygen enrichment. 
t Decarburize with oxygen. 


Modified Duplex Open Hearths 

The economic advantages in the practice of using 
charge ores required by high hot metal percentages 
for the conventional open hearth process have been 
cited previously. There are also liabilities associated 
with this practice, such as the time-consuming re- 
actions involved and the critical requirements for 
proper flushing of the unwanted metalloids without 
concurrently losing molten metal. The exacting 
skill involves perhaps the last remaining phases of 
the “art” and promises ever so to remain. The items 
associated with this extremely important phase of 
open hearth production are so precise with respect 
to timing, temperature conditions, and skill that if 
the use of charge ores could be avoided in its en- 
tirety with no economic loss, it would enormously 
simplify the primary operation. But this is too 
much to expect when using higher pig iron charges, 
even with low silicon irons. 

As an alternative, however, one may borrow a 
principle from the bessemer operation, where these 
time-consuming reactions of the open hearth are 
completed in a minimum time in a converter. When 
such blown metal is used in conjunction with tilting 
open hearth furnaces, the process is called the 
duplex operation. The molten bessemerized iron is 
furnished to the open hearth furnace and no charge 
ore is required. The overall process is extremely 
rapid, readily controlled, and produces steel of a 
quality eminently satisfactory for virtually all pur- 
poses. The carbon, silicon, and manganese are elim- 
inated in a matter of minutes in the converter, leav- 
ing for the open hearth furnace only the problem of 
meeting phosphorus, sulphur, carbon, or any other 
specification objective in the final steel. 

Open hearth furnaces utilizing blown metal only 
can consistently produce heats in 3% to 4 hr tap-to- 
tap, equivalent to a rate of 50 net tons ingots per hr 
for a heat size of 180 tons, or a production rate of 
2% to 3 times that obtained from a furnace of sim- 
ilar size employing conventional hot metal charges. 
Such an arrangement, however, involves another 
open hearth plant to consume the scrap produced 
from rolled ingots and therefore could not be con- 
sidered for our hypothetical plant. Furthermore, 
the use of such a duplex process on a self-contained 
basis, involving approximately 70 pct blown metal 
and 30 pct own-produced scrap, would also be 
questionable, since the production rates of tilting 
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furnaces drop precipitously when increasing amounts 
of steel scrap are charged. In effect, the tilting 
furnace is not an efficient tool with which to consume 
appreciable amounts of scrap due to excessive air 
infiltration through apertures necessary to provide 
the tilting feature. 

However, stationary furnaces benefit substantially 
when furnished blown metal in any proportions, 
and, with this in mind, one can visualize a com- 
bination process which meets the objective and does 
so with a minimum number of furnaces. We shall 
refer to this combination as the modified duplex 
process. 

Table V represents some possibilities when em- 
ploying a modified duplex process on stationary 
open hearth furnaces tapping 225 ton heats. To pro- 
vide the required blown metal, two 35 ton converters 
are used and a spare provided. With these facilities, 
sufficient blown metal would be available under all 
conditions, and any down-time would be reflected 
at the relatively inexpensive converters and not in 
the more costly open hearth plant. The charge of 
55 pet blown metal, shown in Table V, involves 33 
pet scrap or the same amount as previously con- 
sidered for the hot metal process. The charging 
time is considered to be the same as conventional 
“excellent” open hearth practice, a conservative 
figure in view of the reduction in limestone and due 
to the virtual absence of silicon in the charge as 
well as the almost complete elimination of charge 
ores. The substantial difference between this pro- 
cess and the hot metal process is reflected in the 
items “Charge of blown metal to melt” and “Melt 
to tap,” the overall] time being 2 hr 55 min compared 
with 5 hr 40 min, a difference of 2 hr 45 min. This 
amazing decrease is achieved because blown metal 
can be delivered at the high temperature approach- 
ing the final tap thermal requirements and, sec- 
ondly, because it is possible to blow to a carbon 
level much closer to the final required carbon than 
with the more irregular melts characteristic of con- 
ventional open hearth hot metal practices. Of prime 
importance is the fact that the painfully slow oxida- 
tion of metalloids by charge ore is completely elimi- 
nated. All of these advantages, combined with less 
bank and bottom erosion due to the type of charge, 
assure an overall tap-to-tap time of no longer than 
6 hr 15 min, which compares with 9 hr projected 
for the future modern hot metal plant tapping 
heats of similar size. 


Table V. Estimated Open Hearth Production for Stationary Open 
Hearth Plants Operating with Various Percentages of Blown Metal, 
Using O, in Converters 


Blown Metal Charged, Pct 


Basis — 225 Net Ton 
Heats 55 65 

Begin charge to finish scrap, hr:min 1:00 0:45 0:20 
Finish serap te blown metal, hr:min 1:15 0:40 
Charge blewn metal to melt, hr:min 1:10 1:10 1:10 
Melt te tap, br: min 1:453 1:453 1:45% 

Charge to tap, br:min 5:25 4:55 3:55 
Delay time, br:min 0:50 0:50 0:50 

Tap-te-tap, br:min 6:1 5:45 4:45 
Net tons per operating hour 36.00 39.13 47.37 
Preduction per furnace per month, 

net tons 25,300 27,500 33,300 
Neo. furnaces required te produce 


100,000 net tens per month 40 3.6 


* With 50 pct O, enrichment converter to melt scrap. 
Using for flame enrichment. 
t Using O, for decarburization. 
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If it is desired to operate on a self-contained 
basis, it is only necessary to charge an equivalent 
amount of blown metal in place of purchased scrap 
and, since this reduces the amount of cold-charged 
materials, one can expect a reduction in charging 
time. Furthermore, with only 23 pct scrap to be 
melted and the use of increased amounts of liquid 
metal at high temperatures, a further reduction in 
heat time can be expected, by as much as 10 pct. 

We may go one step further by considering the 
ultimate, which involves using the bessemer con- 
verter as a means of melting scrap. Experience here 
and abroad has clearly demonstrated that when 
oxygen-enriched air is employed, substantial 
amounts of scrap can be melted in converters, in 
fact, as much as 18 pct of the charge. With adequate 
scrap handling facilities at the converters, one can 
visualize that a substantial amount of scrap can be 
put into the converter in one charge and in no way 
adversely affect the production rate of the con- 
verters, but rather bring about a major overall sav- 
ing as the result of decreased charging time in the 
open hearth. This therefore permits the considera- 
tion of a very minimum amount of limestone at the 
open hearth, the complete elimination of charge 
ores, and the use of only 12 pct of scrap. With such 
a charge, the overall time can be substantially re- 
duced and it may be expected that heats could be 
produced in as little as 4 hr 45 min from tap-to-tap, 
or approximately twice the production rate that can 
be obtained for equal sized furnaces when using 
conventional hot metal charges under the most 
favorable conditions. Of prime importance is the 
necessity of a proper plant layout, since the critical 
feature of such a process is that blown metal should 
always be available to the open hearth furnaces at 
the moment required. The design of the plant we 
have in mind is far removed from the compromises 
too frequently made employing such practices. 

Thus, as shown in Table V, three furnaces with 
the associated converters would satisfy the objec- 
tive. At maximum peak demands, 100,000 tons of 
ingots per month could be expected and with a re- 
cession in operating rates, combinations of hot 
metal, blown metal, and scrap could be employed. 
In periods of low operating activity and abundant 
purchased scrap, the converters could be shut down, 
and using only hot metal and steel scrap, 50,000 net 
tons could be produced utilizing the full comple- 
ment of the open hearth shop. At peak periods, 
with blown metal, twice as high a production rate 
could be obtained. A plant of this type would be 
flexible in all respects and capable of making any 
grade of carbon steel. It represents, in our opinion, 
the ultimate in production rates from stationary 
open hearth furnaces of this size. 

Table VI reflects the future potential, as we see it, 
of nominal sized stationary furnaces when employ- 
ing hot metal or the modified duplex operation for 
heats of equal size. 


Bessemer Process 

The acid bessemer process was the first steelmak- 
ing process used in this country to achieve mass 
production. After its beginning in 1863, it devel- 
oped rapidly wita the growing needs of a young 
nation fast becoming the greatest industrial country 
in the world. It was truly a revolutionary develop- 
ment not only in steelmaking but in its electrifying 
influence on industrial growth. Bessemer ingot 
production reached its peak as early as 1906 with 
approximately 14,000,000 net tons ingots in that 
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Table Vi. Estimated Future Production Rates for Hot Metal 
and Modified Duplex Plants 


Basis—225 Net 
Tons per Heat 


Future Future 
Hot Metal Duplex 


Heat size, net tons 225 
Tap-to-tap, br:min 9:00 
25.00 
17 


Production per operating hour, net tons 
Production per furnace per month, net tons 
Furnaces required to produce 100,000 

net tens ingots 6 


year, and shortly thereafter surrendered its leader- 
ship in steel production to the open hearth process. 
Ever since, bessemer plants have been secondary in 
importance, and a steady decline has taken place 
with each passing decade. Today there exists only 
an annual ingot capacity of 4,800,000 net tons which 
compares with 109,000,000 net tons for the open 
hearth process. Thus, not only has the position of 
the bessemer process deteriorated with respect to 
open hearth, but the actual capacity today is only 
a third of that which existed 50 years ago. 

Some of the reasons for this decline constitute the 
basis for questioning the importance of the besse- 
mer process in future steel production. Since the 
process can use little scrap, it makes available rel- 
atively inexpensive revert metallics to its com- 
petitor, the open hearth process. Because the opera- 
tion is conducted with an acid-lined converter, iron 
low in phosphorus and low in sulphur is essential. 
Bessemer ores low enough in phosphorus to support 
the operation have become increasingly scarce and 
expensive. Over the years, metallurgical coals have 
tended to increase in sulphur, and the resulting 
higher sulphur coke involves a more expensive 
blast furnace operation to assure an iron sufficiently 
low in sulphur to meet bessemer requirements. The 
replacement of lap and butt weld pipe, using besse- 
mer skeip, by the seamless method of making pipe, 
using open hearth steels, was far-reaching in its 
effect on bessemer ingot production. This was fol- 
lowed shortly by the introduction of hot-rolled strip 
mills utilizing open hearth steels as opposed to 
bessemer sheet and tin bar used on the older hot 
mills, and one of the most important consumers of 
bessemer steels was thus lost. The higher phos- 
phorus content of bessemer steels, an essential for 
opening sheet packs on hot mills, became a liability 
on hot-rolled strip mills because of the adverse 
physical properties imparted to the final product in 
cold rolling. 

Most of the older bessemer units have been re- 
placed by modern and more flexible open hearth 
plants. Only once since 1906 has this downward 
trend been arrested. This occurred in 1949 when an 
old bessemer unit was replaced by a larger and 
more modern plant employing some metallurgical 
advances in the production of bessemer steel for 
seamless pipe. This practice involves partial deoxi- 
dation of the molten blown metal by the addition 
of specified amounts of hot metal to the vessel. The 
metalloids, particularly carbon which is an effec- 
tive deoxidizer at high temperatures, react with the 
ferrous oxide in the blown metal, and the gaseous 
product of reaction assures a lower inclusion con- 
tent as opposed to the use of conventional deoxi- 
dizers. The high yield-point ard elastic ratio char- 
acteristics of killed bessemer steel have been found 
particularly useful in the application of pipe for 
structural purposes or where pipe is subjected to 
high pressures. 

Various technological advances, such as the spec- 
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troscope and the photronic cell, have been made to 
assure a controlled analysis end-point. Neverthe- 
less, two elements are present in bessemer steels in 
such amounts as to seriously limit their applications 
when considering products requiring maximum 
ductility, particularly in cold working and forming. 
These are phosphorus and nitrogen, the former 
ranging from 0.075 to 0.100 pct in bessemer as op- 
posed to less than 0.015 pct in open hearth products; 
and the nitrogen content which averages between 
0.012 and 0.016 pet, compared with 0.004 to 0.006 
pct in the open hearth process. These differences, 
minute as they appear to be, exert a marked in- 
fluence on the ductility of steels. 

There have been innumerable attempts to d: - 
phosphorize bessemer steels and two methods have 
been in use. One involves the treatment of the 
molten steel in the ladle by pouring it from the con- 
verter onto a mixture of lime, roll scale, and fluor- 
spar in the receiving ladle. Another method in- 
volves retention in a tilting furnace of the molten 
slag from a previous low carbon heat, adding a 
minor quantity of lime and roll scale, and pouring 
the bessemer blown metal through the slag into the 
furnace. The reaction, which is virtually instan- 
taneous, reduces the phosphorus to acceptably low 
levels. Both of these alternate methods solve the 
phosphorus problem, but the nitrogen content re- 
mains unaffected. 

Attempts have been made to produce a low 
nitrogen steel by surface-blowing in an acid-lined 
vessel, but the results are erratic and involve tem- 
peratures beyond practical operating practices. It 
is quite possible that if we followed the Continental 
teachings of oxygenated air supplemented by steam 
and carbon dioxide, the nitrogen content of besse- 
mer steels could be reduced to much lower limits; 
and if this were dephosphorized in a second vessel, 
using molten basic oxidizing slags as previously 
described, a low phosphorus, low nitrogen steel 
could be produced. But there are a number of rea- 
sons that make questionable these costly manipula- 
tions to extend the application of bessemer steels 
beyond their present, eminently satisfactory fields. 

The low phosphorus ore requirement of the besse- 
mer process poses an ever-increasing problem of 
availability, even though moderate relief is possible 
when agglomerated taconite concentrates become 
available in quantity. Of perhaps greater impor- 
tance is the development of two pneumatic proc- 
esses which provide low nitrogen, low phosphorus 
steels from the more abundant basic ores, and which 
appear to be suitable for applications not presently 
met by conventional bessemer practice. These new 
developments may warrant consideration if the 
economics of the particular plant dictate a steel- 
making method dependent almost entirely on blast 
furnace hot metal as its source of metallics. 

For these reasons, it appears unlikely that we 
shall see any significant expansion in the present 
acid bessemer process. Its major use will be to 
serve as an adjunct to open hearth furnaces in the 
duplex and modified duplex operations. 


Turbo-Hearth Process 

Some interesting developments stemming from 
the use of side or surface-blown acid converters 
have led to a process which engages the attention 
of many and possesses interesting possibilities. It is 
known as the turbo-hearth process. It has been 
known for many years that when a conventional 
bessemer is turned on its side and surface-blown, 
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the temperature of the molten metal can be rapidly 
increased. In fact, it is common practice to resort 
to this technique if insufficient temperature devel- 
ops during the blowing. It is for this reason that 
Tropenas converters, which are surface-blown, are 
used in many foundries; the high temperature of the 
resulting metal permits the successful production 
of very small castings requiring great fluidity. 

The fundamental reason for the generation of 
more heat with surface-blowing as opposed to con- 
ventional bottom-blowing lies in the fact that more 
of the carbon is completely burned to carbon di- 
oxide within the vessel rather than at the exit or 
nose of the converter. This, in turn, permits the use 
of a basic lined converter supplied with standard 
basic iron with its much lower phosphorus content, 
as opposed to the conventional bottom-blown basic 
bessemer process which requires 1.8 pct or more 
phosphorus to generate the thermal requirements 
of the process. In this country, no ores exist which 
would yield such high phosphorus irons, and for 
that reason the Thomas process, which we call basic 
bessemer, has never been used. 

It is thus apparent that the temperature required 
for a pneumatic process can be obtained from 
standard irons low in phosphorus by surface-blow- 
ing in a special vessel. A cross section of such a 
vessel still in the experimental stage is shown in 
Fig. 4. Of great importance is the fact that surface- 
blowing, together with its associated turbulence 
due to shape of vessel and special blowing tech- 
niques, provides for a low nitrogen content of 0.002 
to 0.003 pet. Accordingly, it is possible to produce a 
very low nitrogen and low phosphorus steel, there- 
by meeting the major analysis requirements for 
ductility, and matching conventional open hearth 
steels in physical properties. 

Blows of 10 tons have been made in considerable 
numbers with an experimental unit, the blowing 
time being about 10 to 12 min. One can visualize 
the possibility of its ready application to low car- 
bon steels requiring maximum ductility, since the 
process produces such grades with great rapidity as 
opposed to the relatively slow rate by the open 
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Fig. 4—Turbo-hearth. 
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Fig. 5—Typical bath analyses after bessemer and turbo-hearth blow. 


hearth process. A comparison of a characteristic 
heat log for the bessemer process and the turbo- 
hearth process is shown in Fig. 5. It will be noted 
that the turbo-hearth process permits the produc- 
tion of low carbon steels equivalent to open hearth 
grades in nitrogen, sulphur, and phosphorus content, 
which the bessemer process fails to do. 

The turbo-hearth process constitutes an interest- 
ing new field of development. It will be necessary 
to await its more complete, continued operation 
since, like all other steelmaking methods, only econ- 
omy in operating cost and investment, together 
with superiority in steel quality, determine the con- 
tribution of a steelmaking process to the industry. 


Modified Basic Bessemer Process in Europe 

Of present-day interest to all steelmakers are 
the developments in Europe and Great Britain in 
the pneumatic process called the Thomas process 
or basic bessemer. On the Continent, a great part 
of the total ingot production is derived from high 
phosphorus irons, since the economically available 
ores are high in that element. Thus there was de- 
veloped a pneumatic process using a basic lining as 
opposed to the acid lining permitted in this country 
by the availability of ores low in phosphorus. The 
basic bessemer depends largely on the high phos- 
phorus content of the iron, which is about 2 pct, for 
its thermal support, whereas the acid method de- 
rives its sustenance largely from silicon, which is 
normally 1.5 pet, in the iron. The Thomas or basic 
bessemer produces steels with a nitrogen content of 
approximately 0.010 to 0.012 pct or essentially the 
same as our bessemer steels, and the phosphorus is 
normally slightly higher than open hearth grades or 
0.040 to 0.050 pet. 

With the installation of new strip mills in Europe 
followed by cold reduction facilities for sheets and 
tinplate, it was soon apparent that it would be 
necessary either to install more open hearth plants 
to meet steel quality requirements—a monumental 
problem in view of the high phosphorus irons—or 
to modify the Thomas process to assure the pro- 
duction of lower nitrogen and phosphorus steels. 
There followed an intensive program incorporating 
the use of oxygenated air, steam, and carbon diox- 
ide as the blowing medium. It was soon ascertained 
that it was necessary to fix the phosphorus in the 
slag before the carbon was eliminated, rather than 
depend on the customary afterblow to reduce the 
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phosphorus to acceptable levels. This was accom- 
plished by the addition of oxides, such as roll scale 
or ores, early in the blow. 

The use of oxygen, steam, or carbon dioxide, or 
combinations in conjunction with blown air, reduces 
the nitrogen input in the blowing medium. The 
temperature is controlled to a large degree with 
scrap additions. The overall result is a reduction in 
nitrogen and phosphorus well below the conven- 
tional Thomas process but somewhat above usual 
open hearth results unless extreme measures are 
taken. The steels so produced are suitable for hot- 
rolled strip and cold-rolled products as well as 
other types requiring ductility in cold forming. 

These Continental practices are mentioned here to 
illustrate that the same problems exist there under 
somewhat different conditions and are met success- 
fully by different techniques. They are also inter- 
esting since they suggest the possibility of decarbur- 
izing open hearth steels by steam and carbon di- 
oxide as opposed to oxygen. 


Linz-Donawitz Process 


In Austria, the same question arose in connection 
with the installation of new strip facilities and cold- 
reduced sheets, and was also associated with a pe- 
culiar set of circumstances that necessitated a proc- 
ess almost entirely dependent on pig iron. The 
process finally adopted is one based on the use of 
solid-bottom converters lined with basic refrac- 
tories and employing a vertically suspended water- 
cooled copper-nosed lance above the bath for the 
supply of 98.5 pct oxygen, as shown in Fig. 6. It is 
called the Linz-Donawitz process, so named after 
the towns in which the two steel plants are located, 
and which utilize identical processes 

The iron used is essentially a normal basic iron 
of high manganese content, with an analysis as 
follows: C, 3.75 to 4.25 pet; Mn, 1.75 to 3.00; Si, 
0.20 to 1.00; P, 0.08 to 0.150; and S, 0.04 to 0.06. 
This would be a satisfactory type of iron for con- 
ventional open hearth practice, but since additional 
ingot capacity was involved at both plants, and 
Austria is devoid of scrap, it was imperative to con- 
sider some pneumatic process which uses a maxi- 
mum amount of iron. The Thomas or basic process 
could not be considered due to the absence of phos- 
phorus sufficient to support the thermal requirement, 
yet too high to permit use of the acid bessemer. 

As has been pointed out for the turbo-hearth 
process, surface blowing permits the successful use 
of basic irons. Equally true is the fact that if pure 
oxygen is used for blowing in this manner, sufficient 
temperature is generated to support the process 
with basic iron of relatively low silicon. In fact, too 
high a temperature is obtained and must be con- 
trolled by coolants, such as scrap. The process es- 
sentially consists of charging some scrap and lime- 
stone or lime into a tuyereless solid-bottom con- 
verter followed by the molten iron. With the ves- 
sel in the vertical position, the oxygen lance is 
lowered into the vessel to a position above the bath. 
The oxygen is turned on and the reactions imme- 
diately proceed. Additiona! lime and scrap are 
added from overhead chutes in accordance with the 
need for control of chemical analysis or tempera- 
ture. As much as 12 to 20 pct scrap, in terms of 
charge, is used. The blowing time for a 30 ton 
charge is approximately 20 min, and the overall 
time from charge-to-charge is 50 to 60 min. The 
oxygen consumption is 2000 cu ft per ton of metal- 
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lic charge. Since this requires substantial amounts 
of pure oxygen, both steelworks are equipped with 
oxygen-producing plants. 

Nitrogens of 0.002 to 0.004 pct are readily pro- 
duced, a phosphorus content comparable with open 
hearth grades can unquestionably be obtained, and 
the steel produced has been demonstrated by many 
trials to possess properties equal to open hearth 
grades for applications requiring deep drawing and 
cold working. Since the linings last 150 to 180 heats 
per campaign, it is necessary to have one vessel in 
operation and one spare, the latter being relined 
while the former is in operation. The yields are 
comparable to open hearth practice employing high 
iron charges, due to relatively small slag volumes 
originating from fairly low silicon irons. 

Thus, in Austria, a very simple and practical 
process has been developed which employs pure 
oxygen for blowing basic irons, produces steels with 
desired physical properties, and has solved their 
peculiar problem of operating with a maximum 
amount of iron in the total charge. The turbo- 
hearth, in which air is blown tangentially above the 
bath, and the Linz-Donawitz application of pure 
oxygen, both employ the fundamental principle of 
surface blowing, and both yield steels low in nitro- 
gen and a phosphorus content equal to open hearth 
grades. 

The Linz-Donawitz process, depending on the 
economics of scrap, iron, ore, and oxygen, also opens 
up new possibilities under selected conditions, and 
will, no doubt, create considerable future interest 
among steelmakers. One plant in Canada and one 
in this country believe it to be an answer to their 
own peculiar problems and are installing units of 
this type, one to produce low carbon steels and the 
other to supply blown metal to electric furnaces. 


Electric Furnaces 
Of the several types of steelmaking furnaces 
which depend upon electric power for their opera- 
tion, only two have found commercial application 


Fig. 6—Type of con- 
verter vessel in use 
at Donawitz when 
blowing oxygen ver- 
tically downwards on 
to the metal. 
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in this country, namely, the coreless induction 
type and the direct-arc furnace. 

The principle of induction melting is suited to 
small equipment designed for the production of 
specia] steels and is generally applied where the 
lack of carbon pickup and low melting loss of oxi- 
dizable alloys make it desirable to employ this 
medium, such as in the case of low-carbon stain- 
less ingots made from high percentages of stainless 
scrap in the charge. 

The first practical arc furnace, known as the 
Heroult furnace, was in use in France as early as 
1899. In this furnace, the electrodes are suspended 
vertically above the bath and enter through aper- 
tures in the furnace roof, the steel charge in the 
furnace acting as the conductor for the current 
flowing between the electrodes. In this country, the 
first large installation was made when 15 ton units 
were built in 1910. From this beginning, the num- 
ber and size of electric arc furnaces increased rap- 
idly with the growing demands for alloy steels and 
castings occasioned by World War I and subse- 
quently in World War II, as will be noted in Fig. 7. 

Many changes in steelmaking practices and im- 
provements in mechanical and electrical facilities, 
combined with marked improvement in the method 
of charging, have resulted in ever-increasing pro- 
duction rates from these furnaces. 

During the early part of World War II, when 
electric furnaces were being installed, but not at the 
rate required for defense purposes, open hearth 
plants were called upon to make a great number 
of alloy grades previously regarded as the pre- 
rogative of electric furnaces. Today we find the 
situation reversed, with increasingly large electric 
furnaces being used to make carbon steels hereto- 
fore regarded as the domain of open hearths. It is 
appropriate to explore this present trend and as- 
certain its possibilities for the problem at hand. 

For many years, electric furnaces were charged 
through a single door in the same manner as an 
open hearth furnace, and since these furnaces util- 
ized all cold materials, charging times constituted a 
disproportionately large part of the total time of 
steelmaking. With the introduction of top charging, 
it became possible to charge an electric furnace 
much more rapidly than an open hearth furnace 
which employed hot metal with a relatively small 
amount of cold materials. To take advantage of this 
potential, transformer capacities and voltages were 
stepped up to provide increased power for faster 


1970 1930 1940 
Fig. 7—Electric furnace ingot capacity. 
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melting. In the production of carbon steels, it was 
found that a single slag was adequate to provide 
the desired finishing analyses of phosphorus and 
sulphur, an important departure from the conven- 
tional two-slag practices inherent with the produc- 
tion of alloy steels. Other technological improve- 
ments were developed, such as oxygen for decar- 
burization and induction stirring. 

Table VII briefly sketches the progress of electric 
furnaces with respect to size, power input, charging 
method, and production rates. 

The overall results have been astounding. Present 
large electric furnaces provided with adequate 
power, employing top charging and utilizing cold 
charges exclusively, cannot only out-produce, by a 
substantial margin, cold-iron open hearth furnaces 
tapping the same sized heats, but can out-pace open 
hearth furnaces of similar size employing conven- 
tional hot metal charges. Table VIII reflects the 
differences between cold charges on electric fur- 
naces and open hearth furnaces as well as compara- 
tive production rates obtained with much larger 
hot-metal-charged open hearth furnaces. 

In locations where power costs are relatively 
low, there is no reason to question the ability of 
electric furnaces to produce carbon steel grades 
successfully and economically in competition with 
cold-iron open hearth plants heretofore used for 
this purpose. In fact, it is questionable, except un- 
der most unusual circumstances, that we shall see 
open hearth plants again built to utilize cold iron 
and scrap charges. Certainly this is one area that 
can be served by the modern electric furnace. 

However, where mass production is involved, as 
in the case stated, involving as it does the use of 
high percentages of hot metal, there is little evi- 
dence that the modern electric furnace can suc- 
cessfully operate under such conditions. Since the 
deep baths of electric furnaces lend themselves to 
melting scrap, and the operation is devoid of the 
oxidizing atmosphere of the open hearth, it appears 
illogical to consider this medium for such purposes. 
Experience has indicated that small percentages of 
molten iron can be charged but that the metal must 
be added slowly to prevent excessive reaction and 
consequent damage to brickwork in the furnace 
shell and roof. It is a magnification of the same 
problem which exists in open hearth furnaces pro- 
vided with exceptionally deep baths and using ex- 
tremely high pig charges. 

However, if we combine the pneumatic process 
which, in effect, prerefines the hot metal to molten 
steel, such a combination with the electric furnace 
might well answer the cbjective. In fact, there is 
presently contemplated such an operation in this 
country, employing the Linz-Donawitz process for 
blowing the molten iron. The blown metal is to be 
used in substantial amounts, as much as 40 pct of 
the charge, in conjunction with 60 pct scrap in large 
200 ton electric arc furnaces. With this combina- 
tion, outstanding production rates can be expected, 
surpassing anything produced from even the largest 
open hearth furnaces empluying virgin hot metal as 
their prime source of metallics. 

In spite of the great strides already made, one 
cannot discount firther marked progress in this 
field of steel ingot production. It therefore may be 

suggested that, in the area of carbon steels, electric 
furnaces are likely to be considered mainly where 
large quantities of steel scrap are available on the 
open market and where power can be obtained at a 
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Table Vil. Comparison of Size, Power Input, and os Method for Electric Furnaces. All Data Pertains 


to 100 Pct Cold Charges. 

1918 1925 1940 1950 1954* 
Shell diameter 11 ft 16 ft-6 in. 20 ft 20 ft 24 ft-6 in 
Size of heat, net tons 7 40 90 90 200 
Time of heat, tap-to-tap 8:00 10:00 9:30 5:36 8:42 
Production rate, net tons per hr 0.875 4.0 9.5 16.0 23.0 
Transformer capacity, kva 2500 10,000 12,000 20,000 25,000+ 
Electrode size 17 in. carbon 18 in. graphite 20 in. graphite 20 in. graphite 24 in. graphite 
Power consumption, kw-hr 675 570 570 520 475 
Type of charging Door Door Door Top Top 
Slag practice Double Double Single Single Single 


* Estimated capacity of plant currently being constructed. 
+ Can be increased to 33,000 kva with heat exchangers. 


reasonable cost. In effect, this means nonintegrated 
plants. One may also visualize their growing use 
for carbon steels based on scrap charges where a 
modest increase in ingot production is required at 
plants already provided with open hearth units. It 
is also probable that the use of some pneumatic 
process to prerefine the hot metal prior to charging 
into the electric furnaces will be considered on oc- 
casions. Duplex operations on electric arc furnaces 
have been employed in this country as long as 30 
years and, where the economics so dictate, there is 
little reason to question the utility of this combina- 
tion process under special conditions. 


Acceleration of Slag Metal Reactions—Rene Perrin 

Based on some fundamental investigations of slag 
and metal reactions, Rene Perrin and his associates 
in France first showed, as chemists might have pre- 
dicted, that such reactions were vastly accelerated 
by intimately dispersed mixtures formed when met- 
al was poured rapidly into molten slag. 

Our understanding of the reactions involved in 
the refining of steel and their rates and equilibria, 
has been greatly enhanced by their findings. Such 
a method made it possible for many little-known 
equilibria to be studied, since in a few minutes this 
end-state is reached before conditions can signifi- 
cantly change. Dephosphorizing, deoxidizing, and 
desulphurizing slags were developed, such special 
slags being melted in an electric furnace from suit- 
able materials. The molten steel tapped from a fur- 
nace prior to its normal refining is then poured 
from a considerable height into a receptacle con- 
taining the previously melted special slag, the type 
of slag used depending on the end-point desired. 
Thus, the normal long refining time in the furnace 
is compressed into a few minutes by treatment in 
the receptacle, and the steel, low in phosphorus and 
sulphur and suprisingly low in oxygen, can be 
poured from under a slag which has acted to purify 
the metal only minutes earlier. 

While economic conditions in this country have 
militated against the use of this process on any 
scale, nevertheless one must recognize that the state 


Table. Vill. Comparison of Furnace Production Rates 


Production 
Rate on 
Carbon 
Equipped Steels, Net 
Size Type wi Tons per Hr 
90 net tons Cold charge Top charging 
electric 20,000 kva 
transformer 16.0 
90 net tons Cold charge Adequate 
open hearth charging 
facilities 9.75 
165 net tons 60 pct hot Adequate 
metal charge, charging 
open hearth facilities 16.0 
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of our knowledge of steelmaking reactions is in no 
small measure influenced by Perrin’s philosophy. 


Conclusion 

Until recent years, management’s choice of the 
several steelmaking processes has been relatively 
simple. For alloy steels, it invariably selected the 
electric furnace, and for carbon steels, the open 
hearth process. Some variations of the latter were 
occasioned by the availability of hot metal in inte- 
grated plants and the use of cold metal and pur- 
chased scrap for nonintegrated units. The duplex 
process was another variation of the open hearth 
method, but only to the extent of providing own- 
produced scrap to other open hearth plants and per- 
mitting the exclusive use of iron in the form of 
blown metal for the production of ingots. Today, 
and, no doubt, more so in the future, the selection 
will not be so simple and decisive. 

As has no other process, the open hearth opera- 
tion has demonstrated a versatility in the use of 
scrap and pig iron which is, in the last analysis, a 
most important criterion of the long-term economy 
of any steelmaking operation. It has conclusively 
shown over nearly a century that it can produce un- 
iform results consistently even with extreme varia- 
tions in materials and fuels. Where integration is 
involved, there is no comparable process which 
possesses so many advantages and so few liabilities. 
For this reason, it will unquestionably remain the 
bulwark of steelmaking methods in this country for 
many, Many years to come. 

Modified duplex open hearth operations, as de- 
scribed, will, no doubt, be considered in the future 
under special conditions. This modification consists 
of supplying blown metal to stationary rather than 
tilting open hearth furnaces and also lends itself to 
the melting of scrap in the converter. 

Electric furnaces will unquestionably continue to 
remain supreme in the field of high alloy steels and 
increasing use will probably be made of this method 
in the production of carbon ingots in those areas 
where purchased scrap is relatively abundant and 
power is available at a reasonable cost. It is there- 
fore unlikely, except in most unusual situations, 
that we will see cold-iron open hearth plants built 
again. In addition, it may be expected that increas- 
ing use will be made of electric furnaces at already 
existing open hearth plants to moderately supple- 
ment carbon ingot production. 

It is most unlikely that we shall see any signifi- 
cant expansion in the use of the «cid-lined bes- 
semer converter in the production of ingots. 

It is also evident that the new pneumatic basic 
processes will be increasingly favored in the field 
of low carbon steels and in conjunction with steel 
plants using other processes. 


APRIL 1954, JOURNAL OF METALS—465 


wae 
te 
j 
atin 


Chemical Reactions of Coke in the Iron Blast Furnace 


by James F. Peters 


The term solution loss is discussed and defined. Examples are 
given showing that solution loss may either have a favorable or 
unfavorable effect on blast furnace performance. A theory is 
advanced explaining the contradictions encountered during earlier 


studies of the problem. 


ANY papers have been written and numerous 
theories advanced concerning the chemical re- 
actions in the iron blast furnace. Richards,’ discuss- 
ing the utilization of fuel in the blast furnace, said: 
“All the carbon burnt in the furnace should be first 
oxidized at the tuyeres to CO and all the reduction 
of oxides above the tuyeres should be caused by CO, 
which thus becomes CO,. This dictum is not Gruner’s 
own words, but expresses their sense, and from the 
point of view of the present discussion, it is the cor- 
rect principle upon which to obtain the maximum 
generation of heat in the furnace from a given 
weight of fuel.” Richards also said the cubic feet of 
wind per pound of coke does not express how effi- 
ciently a furnace is running, but it will be shown 
later where Howland paid much attention to this 
figure. Richards pointed out a shortcoming of Grun- 
er’s discussion in that Richards claimed there is 
not enough CO generated in a good working blast 
furnace te possibly combine with the oxygen of the 
ore, so some of it must be reduced by solid carbon. 
Mathesius* made two important contributions. 
First, he wrote the direct and indirect reduction 
equations showing the heats of formation in each 
case and stressed that the indirect reduction reaction 
produces heat while direct reduction absorbs heat. 
Secondly, he substantiated Richards’ conclusion that 
there may be a deficiency of CO gas and that some 
direct reduction is required, but he pointed out that 
“direct reduction in the hearth has often been con- 
fused with direct reduction in the stack, which more 
correctly should be termed ‘premature combustion’.” 
Then he said that “as this carbon is consumed partly 
by economical (direct reduction in the hearth) and 
partly by wasteful reactions in ever varying pro- 
portions, it is evident that the relation of this total 
carbon gasified above the tuyeres to the fuel con- 
sumption of a furnace cannot possibly have a direct 
bearing on the economy of furnace operation. The 
premature combustion of carbon (CO,+C~2CO) 
must therefore in all cases be considered a detri- 
mental reaction.” 

Johnson’* discussed this whole problem. Through 
experience Johnson found that when departure from 
Gruner’s ideal working is considerable, the fuel 
economy is poor, and when the quantity of blast 
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goes up, the fuel economy goes up in the same pro- 
portion. Johnson said that the wind per pound of 
coke is a measure of fuel economy, which will be 
shown to be wrong. 

Howland‘ established the fact from operating data 
that there was no relationship between the coke con- 
sumption of a furnace and the percentage of coke 
burned at the tuyeres. But some of his calculations 
have led to questionable conclusions, such as “‘it is 
practically impossible to obtain low coke consump- 
tion unless we keep our wind low.” 

Howland made an important contribution when, 
in his concluding paragraphs, he reached certain 
negative decisions as to why one coke works better 
than another. He said the reason one coke works 
better than another in a blast furnace is not be- 
cause: 1—there is any difference in the percentage 
gasified at the tuyeres, or 2—there is any difference 
of wind required per pound of coke. 

Korevaar’ propounded a new theory on combus- 
tion which disagrees with Gruner because “as far as 
we can see, this is sufficient proof for the invalidity 
of Gruner’s ideal, for if it was valid, the low coke 
consumption should always be accompanied by a 
higher percentage of carbon burned at the tuyeres. 
This not being the case, we must deliberately give 
up our belief in Gruner’s ideal.” The part in italics 
will be proved to be wrong. 

Martin" contended that there was not enough re- 
ducing capacity in the blast furnace unless solution 
loss occurs. He came to a series of conclusions, such 
as: 


1—The greatest efficiency of the blast furnace may 
not be attained when the reduction is performed en- 
tirely by carbon monoxide as demanded by Gruner’s 
definition of the ideally perfect working of the blast 
furnace. 

2—The so-called solution loss reactions, which 
should more properly be termed direct reduction re- 
actions, promote furnace efficiency. 

3—In modern blast furnace practice, the carbon 
consumption of the process is determined primarily 
by the carbon needed for reduction purposes, any 
thermal deficiency created by the reduction process be- 
ing balanced in practice by the use of blast heat. 


From a practical standpoint further discussion of 
the theory of chemical reactions is of little moment. 
There is however one phase of the general theory of 
chemical reactions which is very important and that 
is the combustion of coke in the blast furnace. The 
purpose of this paper is to show that the reaction 
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CO,+C~2CO is beneficial to blast furnace operation 
while the reaction FeO+C~Fe+CoO is detrimental. 


Carbon Reactions 

Carbon reacts with oxygen and generates heat as 
follows: 
Heat of formation of CO = 4,400 Btu per lb carbon 
Heat of formation of CO, = 14,550 Btu per lb carbon 
Heat of formation of CO to CO, = 10,150 Btu per lb 
carbon. 

But CO, gas also reacts with carbon starting about 
1300°F and rapidly at 1800°F according to the 
reaction 


CO, + C ~ 2CO — 5750 Btu per lb carbon. 


This reaction is important for two reasons: it con- 
sumes carbon and it cools the shaft of the furnace. 
It also produces CO gas which may be available for 
reduction. 


Solution Loss of Coke 

Most discussion on solution loss starts with quot- 
ing Gruner’s statement of the ideal working furnace, 
which according to Gordon’s’ translation is as fol- 
lows: “It is, therefore, of importance that the reduc- 
tion of ores in blast furnaces should be affected as 
far as possible .. . by the CO being transformed into 
CO, or, in other words, without the consumption of 
solid carbon. This is what we shall allude to in the 
future as the ideally perfect working of a blast 
furnace.” Later he says, “The reduction of the oxide 
of iron in the blast furnace may take place in three 
different ways, according to the portion of the fur- 
nace we examine. In general, the oxide of carbon 
(CO) is transformed into CO, which escapes as such 
from the furnace tcp without other reactions... . 
In other positions, the CO, thus produced becomes 
again, partially at least, CO by burning solid carbon 
which comes in the end, both in its chemical and 
calorific relations, to the same thing as if the solid 
carbon acted directly on the oxygen of the ores, 
yielding thus either CO or CO,.” The last sentence 
is in italics because it is the portion which has led 
to much of the confusion that exists. Chemically 
and thermally it does not make any difference, but 
to blast furnace operation it makes a tremendous 
difference. 

Now if the sentence in italics is accepted, then it 
must be conceded that all of the following reactions 
are solution loss, that all have the same degree of 
effect on blast furnace operation, and that the con- 
ditions under which the reactions take place are of 
no influence: 


Fe,O, + 3C ~ 2Fe + 3CO 
FeO + C> Fe + CO 
2FeO + C~ 2Fe + CO, 
co, + 2CO. 


An attempt will be made to show that these reac- 
tions first do not have the same degree of effect on 
furnace operation, and second that the conditions 
under which the reactions take place are the pre- 
dominating influence in all blast furnace operation. 

In all of these reactions the carbon is not burned 
to CO at the tuyeres. The theoretical amount of air 
to burn a pound of coke can be calculated readily, 
the amount of air actually used can be determined 
from the amount blown and the coke charged, and 
the difference represents the amount used up in the 
above reactions and is defined as “solution loss.” 
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In this discussion the solution loss reactions will 
be differentiated by calling the reaction CO,+C~2CO 
“premature combustion,” as Mathesius* suggested, 
and the other reactions of carbon with the iron ox- 
ides “direct reduction.” 

In discussing chemical reactions there are certain 
facts which must be kept in mind. The first point is 
that in order for the blast furnace to function prop- 
erly, a certain hearth temperature must be main- 
tained, and the influence of these reactions on 
hearth temperature is most important. 

A second point is that the blast furnace is a unit, 
it does not independently consist of a hearth, a bosh, 
and a shaft. Frequently these are separated to facil- 
itate calculations. Being one unit, the whole oper- 
ation, together with the operation of the units, 
depends upon the functioning of the other units. 
The more work done in the shaft, the less work 
there is to be done in the hearth, or vice versa. 

A third point is that once the gas has established a 
certain flow up the furnace, the voids in the fur- 
nace can change which will eventually change the 
gas flow. 


Reduction of Ore and How it is Affected 

There are several facts regarding the reduction of 
ore which are very vital. The first is that the blast 
furnace is a countercurrent process; the region of 
high temperature gas, rich in CO, is the region of 
high temperature, low oxygen ore, and the region 
of low temperature gas, less rich in CO, is the region 
of low temperature ore high in oxygen content. So 
where there is debate about the reactions 


Fe,O, + 3CO— 2Fe + 3CO, (Mathesius) 
or 
Fe.O, + 6CO ~~ 2Fe + 3CO + 3CO, (Richards), 


we are relatively little interested. What is of im- 
portance are the reactions 


3Fe,0O, + CO 2Fe,O, + CO, 
Fe,O, + CO 3FeO + CO, 


and at what temperature oxygen removal starts and 
what concentration of CO, it is possible to have in 
relation to CO and still have these reactions proceed. 

The second fact of importance is the gas-solid 
contact. The ore will not be preheated and dried 
unless gas is in contact with ore, since in the blast 
furnace the only way of transferring the majority of 
heat is by gas and liquids. Reduction cannot take 
place unless the ore is dried and preheated and un- 
less gas comes in contact with ore. The sooner the 
gas comes in contact with ore, the sooner the drying 
and preheating can take place, and the sooner re- 
duction can begin. The sooner this takes place the 
better prepared the charge will be when it reaches 
the lower zones of the furnace. 

Coke is the principal source of voids in the blast 
furnace when operating with Lake Superior ore, 
and voids determine gas flow. So if there is to be 
gas in contact with ore, there must also be coke 
present. If gas is to come in contact with ore to 
reduce it, it must also come in contact with coke. 
The reduction of ore produces CO, gas, so there must 
be CO, gas in contact with coke. Any time there is 
CO, in contact with coke at temperatures over 
1300°F there will be some reaction with the coke: 


CO, + 2CO, 


which is called premature combustion and will ab- 
sorb heat. This reaction starts at 1300°F but is not 
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Fig. 1—Minimum premature combustion with maximum coke rate, 
No. 5 furnace. 


appreciable until 1800°F. It must also be recog- 
nized that the CO formed as a result of premature 
combustion is at a high temperature and in contact 
with ore so that some of it will do useful work in 
absorbing oxygen from the ore, thus assisting in 
further preheating the ore. The fact remains, how- 
ever, that premature combustion is damaging. It 
absorbs heat up in the stack of the furnace and also 
absorbs carbon which should be burnt at the tuyeres. 

The very fact that premature combustion takes 
place is indicative of a good working furnace. It is 
impossible to have premature combustion unless gas 
is in contact with ore and coke, in contrast to a fur- 
nace with poor gas-solid contact and therefore little 
premature combustion. 

But it is possible to have a good working furnace 
and a minimum of premature combustion, just as it 
is possible to have a very poor working furnace and 
a minimum of premature combustion. This point 
has been overlooked and is most important. If the 
gas-solid contact is at maximum efficiency, the dry- 
ing, preheating, and reduction will take place sooner, 
and since there is less oxygen in the ore when the 
zone of 1800°F is reached, there will be less CO, 
formed and consequently less premature combustion 
would occur. 

So also is it possible to have a poor working fur- 
nace and a minimum of premature combustion. If 
the gas-solid contact was at a minimum, the drying, 
preheating, and reduction would not take place until 
high temperature zones were reached. Even at the 
high temperature zones there wil! be a minimum of 
gas-solid contact. Because there is little gas-solid 
contact, a minimum of oxygen is removed from the 
ore, therefore little CO, is formed, and thus a high 
percentage of coke is burned at the tuyeres. Then 
further improvement in gas-solid contact will mean 
more premature combustion, and still further im- 
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provement in gas-solid contact will result in less 
premature combustion. It can readily be seen that 
there may be two cases in which 85 pct of the coke 
is burned at the tuyeres, and the one case may be 
an example of good coke consumption and the sec- 
ond case an example of poor coke consumption. 
This will be discussed later. 


Effect of Direct Reduction on Hearth Temperature 


For a blast furnace to operate, a certain hearth 
temperature must be maintained. If the tempera- 
ture of the hearth increases, the amount of ore 
charged is increased, and if the temperature of the 
hearth decreases, the amount of ore charged is re- 
duced. Heat input into the hearth is from: 1— 
sensible heat of the blast, 2—combustion of carbon 
in front of the tuyeres, and 3—-sensible heat in ma- 
terial moving down into the hearth. Heat output 
of the hearth or work done is from: 1—-final heating 
and reduction of ore, 2—final heating and calcina- 
tion of stone, 3—melting and superheating of the 
iron and slag, 4—radiation and cooling water losses, 
and 5—heat in outgoing gases. 

Any decrease in heat input or increase in heat 
output will decrease the hearth temperature neces- 
sitating a decrease in burden and result in an in- 
crease in coke consumption. One direct reduction 
reaction is written as follows: 


FeO + C ~ Fe + CO — 5481 Btu per lb of carbon. 


This means that if this reaction occurs at a certain 
temperature, 5481 Btu will be absorbed from the 
hearth for each pound of carbon consumed at a 
constant temperature. Obviously an increase in this 
reaction will cool the hearth in two ways. It con- 
sumes coke, and this coke will not be burned at the 
tuyeres to generate heat. Secondly, the reaction 
absorbs heat. But it will decrease the hearth tem- 
perature in a third way because the material will 
come down into the hearth only partially reduced. 

If it had been prepared properly, there would 
not be the unreduced oxide present. The presence 
of this oxide is indicative of poor gas-solid contact, 
a measure of the degree that the ore has been pre- 
heated and reduced. If gas-solid contact had been 
more intimate, the ore would have been better 
preheated and reduced and less unreduced material 
introduced into the hearth area. 

It can be concluded that an increase in direct 
reduction is an indication of poorer gas-solid con- 
tact and the greater the loss of carbon from this 
reaction the less efficient the operation. The excep- 
tion to this would be if there was a shortage of CO 
gas, so that some carbon would be needed to com- 
plete the reduction even though there was excellent 
preheating. 


Minimum Premature Combustion with Maximum 
Coke Rate 


In 1950, due to a coal shortage, it was necessary 
to increase the Pocahontas coal in the coking mix 
and simultaneously to increase the coking time. 
This, of course, was undesirable from a blast fur- 
nece standpoint, because it sowered the physical 
quality of the coke. The fact that the coking con- 
ditions changed, however, is of interest only be- 
cause this change resulted in changing the operat- 
ing conditions of the furnace. The effect of this 
change will be discussed. On Fig. 1 are plotted the 
top temperature, wind per pound of coke, produc- 
tion, coke rate, and burden for the dates shown. 
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Table |. Minimum Premature Combustion with Maximum Coke 


Rate. No. 5 Furnace. 


Lb Cu Ft 

Net Coke per Wind 

Period, Tons Net Ton per at Fixed 
1950 per Day Iron LbCoke Tuyeres Carbon 


Feb. 10-12 


Average Wind 
Pet Rate, 
Cu Ft 
per Min 


Burned 


55. 
55. 
56. 
55. 
55. 
55 

55. 
56. 
56. 
57. 
57. 
57. 
58. 
58. 
59. 
59. 
60. 
59. 
59. 
59. 
60. 
60. 
61. 
61. 
60. 
59. 
58. 
59. 
58. 
58. 
57. 
55. 
55. 
55. 
56 

56. 
56. 
55. 
55. 
55. 
56 

56. 
55 

54. 
54. 
54. 
54. 
54. 


Table I indicates three day averages of the pounds 
of coke per net ton of iron, the cubic feet of wind 
per pound of coke, the wind rate, and the percentage 
of the coke charged that was burned at the tuyeres. 
Slag volume was practically constant throughout 
the entire period. The percentage of coke that was 
burned at the tuyeres began increasing, while the 
production decreased and coke rate increased. When 
the percentage of coke burned at the tuyeres was 
at a maximum, the production was at a minimum 
and the coke rate a maximum. 

Obviously, since more coke carbon per charge 
was being consumed at the tuyeres, more heat was 
being generated at the tuyeres per unit of ore 
charged. Since more heat was being generated at 
the tuyeres per unit of ore charged, the hearth 
temperature should have been increased, and in 
order to maintain the hearth temperature constant, 
the burden would have to be increased. 

No increase in burden was realized, because no 
increase in hearth temperature occurred. The wind 
per pound of coke increased as a result of poorer 
gas-solid contact in the stack of the furnace. This 
resulted in relatively cold and unreduced ore enter- 
ing the hearth. The increase in heat generated at 
the tuyeres was used in order to prevent a reduc- 
tion in hearth temperature. The fact that gas-solid 
contact was less intimate is an indication that less 
premature combustion was occurring. 

Due to the dwindling coal supply, the wind rate 
was reduced on March 2 to 60,000 cfm. On March 4 
the coal strike having ended, the coking time was 
gradually decreased and the wind rate restored to 
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normal. This had a beneficial effect on the opera- 
tion of the furnace. The wind per pound of coke 
began decreasing, and production began increasing. 
More reduction was being completed in the stack 
of the furnace, the CO, formed as a result reacted 
with coke carbon in the premature combustion re- 
action, the CO thus formed was in contact with ore 
and at sufficient temperature to do more reduction 
and preheating. 

The maximum wind per pound of coke and mini- 
mum premature combustion in this case, was ac- 
companied by minimum gas-solid contact. As gas- 
solid contact became more intimate the wind per 
pound of coke decreased. It might be asked how it 
is possible that a change in coking practice will 
change the contact of gas and solids in the furnace. 
It has been shown many times that small changes 
in coking practice can vastly improve or impair 
coke quality, and coke quality in turn is one of the 
most important factors determining the physical 
makeup of the stock column which, of course, is the 
number one item affecting gas-solid contact. 


Intermediate Amounts of Premature Combustion 

In September 1952, B furnace had an unusual 
pattern of operation, see Fig. 2. During the month 
the burden, production, and coke rate varied con- 
siderably. What is of particular interest is the vari- 
ation in the wind per pound of coke. 

Table II indicates the pounds of coke per net ton 
of iron, the cubic feet of wind per pound of coke, 
and the percentage of coke charged that was burned 
at the tuyeres. At the beginning of the month, the 
wind per pound of coke decreased, the production 
and burden decreased, while the top temperature 
and coke rate were increasing. Then on September 
6 the wind per pound of coke began increasing, the 
burden and production increased, while the top 
temperature and coke rate were decreasing. On 
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ig. 2—Intermediate amounts of premature combustion, B furnace. 
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Table II. Intermediate Amounts of Premazure Combustion. 


B Furnace. 
Percentage 
of Coke Aver- 
Lb Coke Cu Ft Berned age Percent- 
r Net Wind at age of 
Period, 1952 entron perLb Coke Tuyeres§ Fixed Carbon 
September 1-6 1787 49.5 70.73 93.31 
7-16 1641 512 73.32 93.10 
17-23 1753 52.2 74.62 93.26 
24-30 1610 52.3 75.00 92.97 


September 17 a further increase in the wind per 
pound of coke was accompanied by a reduction in 
the burden and production, and an increase in top 
temperature and coke rate. On September 23 when 
the wind per pound of coke decreased, the produc- 
tion and burden increased, and the top temperature 
and coke rate decreased. 

It can readily be seen that there are different 
furnace conditions for the same wind per pound of 
coke. When top temperature was at a high, burden 
and tonnage were at a low and coke rate was at a 
high in all instances, but during the periods of high 
cubic feet of wind per pound of coke, performance 
was good in one case, poor in the other case. In- 
creasing top temperature is an indication of de- 
creasing gas-solid contact. Therefore it follows that 
an increase in the wind per pound of coke is an 
indication of increasing gas-solid contact in one 
case, and an indication of decreasing gas-solid con- 
tact in another. This is one of the principal reasons 
for much of the confusion. If the gas-solid contact 
is intimate, more reduction will be accomplished in 
the upper part of the furnace and so less premature 
combustion will occur. However, if the gas-solid 
contact is poor, less reduction will be accomplished 
in the upper part of the furnace, more unreduced 
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iron oxide will enter the hearth area, less CO, will 
be formed in the stack of the furnace, and there- 
fore, less premature combustion can occur. 

In 1944 tests were being conducted on B furnace 
to determine the value of coke produced from 
different coal mixes.” The burden, wind per pound 
of coke, top temperature, coke rate, and production 
are plotted in Fig. 3 for the periods shown. Table 
III indicates the pertinent data for these periods. 
Fig. 3 indicates that during the period when the 
cubic feet of wind per pound of coke was lowest 
the production was at a high. During all periods the 
wind rates and slag volumes were kept constant. 

During the Jenkins-Jones test the burden carried 
was lower than the others, the Inland test period 
having the highest burden. More heat was gener- 
ated per unit of ore at the tuyeres during the Jen- 
kins-Jones test, but the burden carried was less. 
Evidently the sensible heat in the materials enter- 
ing the hearth area was less during the Jenkins- 
Jones test. There was less sensible heat because the 
gas-solid contact was poorer. The introduction of 
relatively cold stock in the hearth necessitated a 
lower burden in order to maintain the hearth tem- 
perature constant. In addition, since there was less 
reduction occurring in the upper parts of the fur- 
nace, less CO, was being formed, so there was less 
chance for premature combustion to take place. 

During the period when Inland coke was used, a 
smaller percentage of coke was being burned at the 
tuyeres. Apparently the coke carbon consumed 
above the tuyeres was the result of premature com- 
bustion, not direct reduction. The premature com- 
bustion occurring was the result of more intimate 
gas-solid contact, and since the CO produced was 
at a high temperature, additional reduction could 
be achieved. 

During the period when Eccles coal was used, 
much coke carbon was being consumed above the 
tuyeres. However, the greater proportion of the 
carbon consumed above the tuyeres was done so by 
premature combustion. More direct reduction was 
occurring than during the Inland test as indicated 
by the lower burden carried. However, the amount 
of direct reduction occurring was not enough to 
cause a drastic reduction in the burden. The per- 
centage of coke consumed at the tuyeres was nearly 
the same during the Inland and Eccles periods, but 
the pounds of carbon consumed at the tuyeres per 
net ton of iron was slightly greater during the 
Eccles test. 

In summarizing it can be said that during the 
Inland test, gas-solid contact was most intimate. 
During the Eccles test, gas-solid contact was not 
so intimate but the greater proportion of coke con- 
sumed above the tuyeres was by premature com- 
bustion. During the Jenkins-Jones test, gas-solid 
contact was the least intimate. More carbon was 
consumed at the tuyeres per net ton of iron, and 
more direct reduction was occurring. 


s 
OATS 
Fig. 3—Effect of different coking coals on premature combustion, 
8 furnace, 1944, 
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Intermediate Amounts of Premature Combustion. 
B Furnace. 


Table tl. 


Percentage 
of Coke Aver- 
Lb Coke Cu Ft Burned age Percent- 
per Net Wind at age of 
Period, 1944 Ton Iron per Lb Coke Tuyeres Fixed Carbon 
Jenkins-Jones 1728 51.9 75.05 92.20 
Inland 1702 49.3 71.25 92.25 
Eccles 1737 48.7 70.45 92.17 
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Effect of Poor Ore Distribution on Premature 
Combustion 

During the first part of January 1949, tonnage on 
B furnace was unsatisfactory. It was noted during 
this period that one of the ores charged into the 
furnace was extremely wet. The texture of this 
ore is of a clayey nature and absorbs considerable 
quantities of moisture. Charging of this ore into the 
furnace in this condition resulted in faulty distribu- 
tion. 

On January 12 this ore was reduced from 33 pct 
of the total burden to 18 pct. Tonnage during the 
latter half of the month increased 93 net tons per 
day and coke rate decreased 109 lb per net ton of 
iron, see Fig. 4. 


Table IV. Effect of Poor Ore Distribution on Premature Combustion. 


B Furnace. 
Percentage 
of Coke Aver- 

Lb Coke Cu Ft Burned age Percent- 

per Net Wind at ageo 
Period, 1949 Ton Iren per Lb Coke Tuyeres Fixed Carbon 
January 1-12 1813 53.0 78.99 89.45 
January 13-31 1704 53.8 80.19 89.45 


Table IV shows the average pounds of coke per 
net ton of iron and the average cubic feet of wind 
per pound of coke for the two periods. The wind 
per pound of coke increased during the latter half 
of the month and the burden carried increased 2400 
lb per charge. Apparently gas-solid contact during 
the first part of the month was very poor. The ore 
was not being properly preheated or reduced in the 
upper part of the furnace and therefore much coke 
had to be consumed at the tuyeres per ore unit in 
order to maintain the hearth temperature constant. 
In addition, most of the carbon not burned at the 
tuyeres was consumed by direct reduction, absorb- 
ing more heat from the hearth. During the latter 
half of the month, gas-solid contact became more 
intimate. The ore was being more properly pre- 
heated and reduced in the upper part of the furnace, 
reducing the heat requirements of the hearth. The 
burden was increased and the coke rate decreased. 

The lower wind per pound of coke in this case 
was indicative of poor gas-solid contact, and there- 
fore more direct reduction. When the gas-solid 
contact became more intimate, more ore was being 
reduced in the upper zones of the furnace, less 
carbon was being consumed in solution loss re- 
actions, and the heat requirements for the hearth 
were reduced, thus lowering the coke rate. 


Minimum Coke Rate with Minimum Premature 
Combustion 

It is generally accepted that coke has three prin- 
cipal functions in the blast furnace. These are: 1— 
to supply the voids necessary for gas flow, 2—to 
provide the heat necessary for the process, and 3— 
to generate the reducing atmosphere in the furnace. 

The function that requires the greatest amount of 
coke is the function that will determine the coke 
rate of a given furnace. This function is often dif- 
ferent for plants in the same locality and for fur- 
naces in the sarne plant. It is a dependent function, 
depending on the conditions at which the furnaces 
are operated. Some of these conditions are: 1—de- 
sign of the furnace, 2—-strength of coke, 3—size and 
texture of materials charged, 4—chemical analysis 
of raw materials, and 5—amount of wind blown. 
If sized ores or ores with desirable physical struc- 
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Fig. 4—Effect of poor ore distribution on premature combustion, 
B furnace. 
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ture are charged to a given furnace, the function of 
supplying voids may become of secondary impor- 
tance. Use of excessive amounts of sized ore or 
sinter may open the stock column of a given furnace 
to a degree where unimpeded gas flow is attained 
but intimate gas-solid contact is not. Proper pre- 
heating and reduction of the ores is not completed 
before the ore enters the hearth area, and the re- 
sult is a reduction in burden and an increase in 
coke rate. In cases where sufficient amounts of sized 
materials are used, and unimpeded gas flow is at- 
tained with poor gas-solid contact, the heat require- 
ment of the hearth may determine the coke rate. 

If sized ores in sufficient quantities are used to 
attain unimpeded gas flow, and this is accompanied 
by efficient gas-solid contact with good heat trans- 
fer, then the function that controls the coke rate 
may be the amount of coke necessary to supply the 
reducing atmosphere in the furnace. 

In Table V are tabulated some periods when 13 
pet sized ore and 20 pct sinter were being used on 
No. 6 furnace, a 25 ft 9 in. hearth diameter furnace. 

In none of these cases is the percentage of coke 
burned at the tuyeres as high as 75 pct. This is due 
to the fact that maximum wind rates were being 
blown and the fact that the screened ore and sinter 


Average 

Percentage Per- 

Net LbCoke CuFt of Coke cent- 

Tons per Wind Burned CcrM age of 

- Net Tons Per Lb at Wind Fixed 

Period ay Iron Coke Tuyeres Blown Carbon 
Sept. 1951 1337 1552 52.4 74.73 77,615 93.49 
Nov. 1951 1320 1518 51.3 72.85 6,999 93.89 
Dec. 1951 1275 1619 50.6 71.98 75.471 93.73 
Jan. 1952 1288 1605 $1.1 73.10 76,614 93.20 
Feb. 1952 1281 1581 51.9 74.75 77,867 92.54 
March 1952 1321 1575 51.3 73.69 77 680 92.83 


APRIL 1954, JOURNAL OF METALS—471 


wy 
_ 
1750 
1100 
5 
1050 
= 
” 
= 
i 
3 Bie 
Table V. Use of Sized Ore and Sinter. No. 6 Furnace. ead 
Mig 


would require a higher temperature and more time 
before reduction would be completed. 

Most blast furnace operators are familiar with 
slack wind operation. Invariably when the wind 
blown is reduced, the percentage of coke consumed 
at the tuyeres increases, and the coke rate decreases. 
This was recognized as early as 1935 by Rich.’ One 
reason he advanced for the lowering of the coke 
rate was that “each particle of ore is subjected to 
the action of the reducing gases for a longer interval 
of time as the wind is lowered.” 

During periods when maximum production is of 
paramount importance, the maximum wind rates 
consistent with good operation are blown. There is 
some sacrifice in coke rate, because preheating and 
reduction are not completed in the upper zones of 
the furnace. The burden is not as fully prepared 
before entering the hearth area, necessitating a de- 
crease in burden in order to maintain the hearth 
temperature constant. 

In Mesabi ore practice only a small percentage of 
the total voids available is contributed by the ore. 
Furnaces are on the verge of hanging at all times 
during periods when maximum wind is blown. 
Small variations in coke quality seriously affect the 
efficiency of the furnace. The author” and Squarcy” 
have presented papers indicating the effect on fur- 
nace performance of cokes of varying quality. 

Segregation in the sizes of the charge materials in 
the blast furnace greatly deters any attempt to ob- 
tain efficient gas-solid contact across every plane in 
the blast furnace. The peripheral gas flow might be 
very desirable, but the radial gas distribution might 
be very undesirable. At Inland Steel inwall ther- 
mocouples” indicate the peripheral distribution, and 
relatively small variations in the temperature of 
these inwall thermocouples may indicate serious 
operating difficulties. 

When blowing high wind rates, the effect of all 
these variations is magnified many times. There is 
shorter time of contact of ore and gas in the upper 
zones of the furnace allowing less time for preheat- 
ing and reduction before temperature zones at 
which premature combustion occurs are reached. 
For example, suppose the wind rate on a furnace is 
increased 10 pct. This means, if no other changes 
take place, the furnace will move 10 pct faster. How- 
ever, suppose the wind per pound of coke decreases 


Table Vi. Minimum Coke Rate with Minimum Premature 
Combustion. No. 5 Furnace. 
Percentage 
of Coke Aver- 

Lb Coke Cu Ft Burned age Percent- 

per Net Wind at age o 
Period Tenstron per Lb Coke Tuyeres Fixed Carbon 

July 1943 1497 50.4 72.58 92.59 
January 1944 1460 53.4 77.05 92.41 


10 pet at the same time, the furnace will move an 
additional 10 pet faster, making the total increase 
20 pet. 

This is one of the principal reasons why it is im- 
possible to attain minimum premature combustion 
with maximum production when blowing maximum 
wind. There are not sufficient voids present to oper- 
ate the furnaces at minimum coke rates and still 
have smooth operation. The result is an increase in 
coke rate to provide sufficient voids and smooth 
operation. 

Neustaetter” compared the operation of No. 5 
furnace during two periods when the coke rate was 
a minimum, see Fig. 5 and Table VI. 

In July 1943, the furnace was at maximum pro- 
duction. Enough voids were present to permit 
smooth operation of the furnace. In January 1944, 
the furnace was at maximum efficiency as far as 
coke rate was concerned. However, the operation of 
the furnace was erratic, hanging and kicking oc- 
curred because there were not sufficient voids 
present to permit efficient gas flow. Gas-solid con- 
tact. was at maximum efficiency, as indicated by the 
low coke rate, but tonnage was at a minimum be- 
cause of the erratic furnace operation; gas flow was 
greatly impeded. 

If sufficient voids had been provided in the stock 
column by the use of sized ore or beneficiated 
materials to relieve this duty from the coke, and 
if this void supplier was able to absorb sufficient 
heat, so that efficient gas-solid contact could be ac- 
companied by reduction in coke rate without erratic 
furnace operation, then Gruner’s ideal would have 
been more nearly approached with maximum pro- 
duction. 


Direct Reduction vs Premature Combustion 
The results of direct reduction are far more 
damaging than the results of premature combustion, 


Lb Coke Pereent- 
r Net age of 
Ne. Period Furnace TonstIren Fixed Carbon 
1 January 1044 5 1515 92.41 
2 November 1951 6 1518 93.89 
3 September 1940 4 1535 93.00 
4 April 1948 4 1591 90.00 
5 September 1951 6 1552 93.49 
6 March 1952 6 1575 92.83 
7 February 10952 6 1581 92.54 
8 June 1948 5 1644 90.00 
u January 1952 6 1605 93.20 
10 Sept. 24-30, 1952 B 1610 92.97 
ll December 1951 6 1619 93.73 
12 Jan. 13-31, 1949 B 1704 89.45 
13 Sept. 7-16, 1952 B 1641 93.10 
4 Oct. 21-Nov. 11, 1044 B 1702 92.25 
15 July 1944 5 1700 92.59 
16 Sept. 12-Oct. 20, 1944 B 1728 92.20 
17 September 1949 3 1760 90.85 
18 Nov. 12-Dec. 16, 1044 B 1737 92.17 
19 Jan, 1-12, 1949 B 1813 89.45 
20 November 1949 3 1786 91.00 
21 Sept. 17-23, 1952 B 1753 93.26 
22 November 1949 4 1801 91.00 
23 October 1949 3 1807 91.00 
24 Sept. 1-6, 1952 B 1787 93.31 
25 October 1949 4 1836 91.00 


Table Vil. Effect of Solution Loss Reactions on Coke Rate 


Lb Carbon 


Lb Coke 
Carbon Percentage per Net Tons per Net Tons 
Rate, Ca Ft of Coke Iron Iron Used in 
Lb per Net Wind per Consumed Cc Soluti 
Tons Iron Lb Coke at Tuyeres at Tuyeres Reactions 
1400 53.4 77.04 1167 206 
1425 51.3 72.85 1106 269 
1427 58.3 83.58 1283 118 
1432 55.7 82.52 1313 138 
1451 52.4 74.73 1160 250 
1462 51.3 73.69 1161 268 
1463 51.9 74.77 1182 254 
1480 53.5 79.26 1303 Lot 
1496 51.1 73.10 1173 286 
1497 52.3 75.00 1207 258 
1517 50.6 71.98 1165 308 
1524 53.8 80.19 1366 191 
1528 51.2 73.32 1203 291 
1570 49.3 71.25 1213 336 
1574 50.4 72.58 1234 316 
1593 51.9 75.05 1297 282 
1599 54.7 80.28 1413 202 
1601 48.7 70.45 1224 358 
1622 53.0 78.99 1432 229 
1625 56.2 82.34 1471 173 
1635 52.2 74.62 1308 298 
1639 58.4 85.57 1541 123 
1644 56.1 82.20 1485 179 
1667 49.5 70.73 1263 371 
1671 57.0 85.52 1533 162 
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in spite of the fact that both reactions consume the 
same amount of heat. When the increase in direct 
reduction is the result of poorer gas-solid contact, 
most material has come into the hearth with less 
sensible heat, necessitating a decrease in burden. 
Also the CO, which is generated at the high tem- 
peratures far down in the furnace does less good be- 
cause it does not come into intimate contact with 
ore. Whereas, when premature combustion takes 
place it is an indication of some gas-solid contact, 
and CO thus formed can still react with ore because 
it is at 1800°F and in contact with it. So while the 
amount of carbon consumed is the same, the effect 
on the furnace is decidedly different. Where more 
carbon is lost by direct reduction, there is more 
carbon burned at the tuyeres due to less premature 
combustion, so there is an overall increase in carbon 
reaching the tuyeres. Another factor which con- 
tributes to this gain of carbon reaching the tuyeres 
is the fact that the poorer gas-solid contact result- 
ing in more direct reduction cools the hearth, neces- 
sitating a decrease in burden. With this decrease in 
burden there are fewer pounds of oxygen charged in 
ore per pound of coke consumed, consequently less 
concentration of CO, gas and less opportunity for 
premature combustion. 


Maximum and Minimum of Premature Combustion 


If there are two variables X and Y and X increases 
as Y increases, the function of Y = f(X) has no turn- 
ing point. But with the two variables, if X increases as 
Y increases up to a certain point and then decreases, 
the function of Y = f(X) has a maximum value and 
opposite slopes on either side of the maximum point. 
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Fig. 5—Minimum premature combustion with minimum coke rate, 
No. 5 furnace. 
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Fig. 6—Effect of premature combustion and direct reduction on 
coke consumption. 


This is the case with premature combustion. If one 
variable is coke consumption and the other the per- 
centage of premature combustion, then it has been 
shown that as premature combustion increases, coke 
consumption drops to some point where further 
decreases in coke consumption mean less premature 
combustion. 

Now if all data obtained in a study are on one side 
of the maximum and a conclusion is drawn, and in 
another study the data obtained are from the op- 
posite side of the maximum value, the conclusion 
will be exactly opposite. 

It is believed that this is the case with premature 
combustion and direct reduction. Table VII shows 
the pertinent data for the cases previously described 
in this paper and in addition some periods of slack 
wind operation on Nos. 3 and 4 furnaces. 

All figures in Table VII were corrected to slag 
volumes* of 1000 Ib per ton of iron and it was as- 


* It is assumed that for each 10 “pet increase or decrease in slag 
volume there is a 4 pct increase or decrease in coke rate. 
sumed that 125 lb of coke was used to supply the 
carbon absorbed in the pig iron, the carbon in the 
flue dust, and the carbon necessary for the direct 
reduction of the metalloids: phosphorus, manga- 
nese, and silicon. No correction was applied for the 
moisture in the blast. 

The percentage of coke burned at the tuyeres was 
calculated from the engine house report of the 
amount of wind blown and the stockhouse report of 
the amount of coke charged per day. All coke rate 
figures were corrected to 2% pct moisture. 

For example, Table VIII shows the operating char- 
acteristics for the No. 5 furnace for the month of 
June 1948. 

Fig. 6 is a plot of the pounds of carbon consumed 


Table Vill. Operating Characteristics for No. 5 Furnace. 


Lb Coke Pet Cu Ftoft Lb 


per Net Fixed Carbor Wind per Slag per 
Period Tons Iron in Coke Lb Coke Ton of Iren 

June 1948 1644 90.00 53.5 1000 
Lb carbon per net tons iron = 1644 x 0.90 = 1480 
Pct of coke burned at tuyeres = (53.5/75 x 0.90) x 100 = 79.26 
Lb of coke burned at the tuyeres per net tons iron = 

1644 x 0.7926 = 1303 
Lb of coke consumed in solution loss reactions per 

net tons iron = 1644 — 1303 — 125 = 216 
Lb of carbon consumed in solution loss reactions per 

net tons iron = 216 x 0.9 - 1% 
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per net ton of iron against the pounds of carbon per 
net ton of iron used in solution loss reactions. 


Coke Consumption 

Nobody questions that the best coke consumption 
would be obtained if Gruner’s ideal could be at- 
tained. Under such conditions all oxygen will be 
removed from the ore by the time it reaches the 
zone where the CO, formed could react with carbon, 
or when direct reduction could take place. In this 
case the wind to burn a pound of coke would be a 
maximum. 

On the other hand if the ore charged into the fur- 
nace came down without coming into contact with 
gas it would be deposited in the hearth cold. But 
the critical hearth temperature must be maintained, 
so sufficient carbon would have to be burned at the 
tuyeres to preheat the ore in the hearth, supply the 
heat for the direct reduction and melt, and super- 
heat the iron and slag. Consequently very little ore 
could be charged and so very little coke would be 
used in direct reduction. Any CO gas formed would 
go up through the porous column of coke not touch- 
ing any ore. If it does not touch any ore it cannot 
be oxidized to CO,, and since there is no CO, there 
cannot be any premature combustion. So here there 
would be 100 pct direct reduction and 0 pct pre- 
mature combustion. The cubic feet of wind to burn 
a pound of coke would be very high just as in the 
case of Gruner’s ideal. 

Any improvement in gas-solid contact in the pre- 
ceding case would mean that the CO gas would 
reach the ore, CO, would be formed and then CO, 
would react with carbon and there would be pre- 
mature combustion. The more improvement there is, 
the more premature combustion and the less direct 
reduction up to a certain point. 


Summary 


Of the carbon which is not burned at the tuyeres, 
a portion is used in premature combustion (CO, + 
C ~ 2CO) and a portion in direct reduction (FeO + 
C ~ Fe + CO). Premature combustion can only 
occur if there is contact of CO, gas and coke, and 
CO, gas cannot be generated unless there is contact 
of gas and solid. Further, this reaction does not oc- 
cur to any appreciable extent below 1800°F, there- 
fore, the CO which it generates is at sufficient tem- 
perature so it may do reduction work if in contact 
with ore. It will continue to reduce ore down to 
400°F, so it can be concluded that premature com- 
bustion can only occur if there is good gas-solid 
contact and it can be expected to go hand in hand 
with good furnace operation. But direct reduction oc- 
curs when there is poor gas-solid contact, the ore de- 
scends into the hearth area without being in contact 
with CO gas. Consequently there will be little CO, 
gas formed and little opportunity for premature 
combustion. And further, the CO gas which is the 
result of direct reduction escapes from the furnace 
without doing any useful work because it is the 
result of poor gas-solid contact. 

A lower proportion of premature combustion and 
higher proportion of direct reduction will result in 
poor efficiency. The efficiency will improve as the 
amount of premature combustion increases up to a 
certain point. Then still further improvement in 
gas-solid contact will mean all oxygen of the ore 
removed before it gets to the zone of 1800°F, so 
there will be a decreasing amount of premature 
combustion with increasing efficiency. 
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It can be concluded that the term “solution loss” 
may be used to indicate the carbon that does not 
reach the tuyeres, but that is the limit to which the 
term can be applied. Irrespective of how the reac- 
tions of carbon and oxygen are written, the im- 
portant point is that carbon can be consumed up in 
the stack under different conditions, and the condi- 
tions under which the carbon is consumed has a 
decided effect on the efficiency of the blast furnace. 
We cannot group all carbon losses and expect to 
establish a general correlation. Since the cubic feet 
of wind per pound of coke does not indicate under 
what conditions the carbon was consumed in the 
stack, it is not a general measure of efficiency. 

It is safe to say that the temperature at which the 
CO, gas is formed is the criterion. The lower the 
temperature at which it is formed the lower the 
coke consumption, and if none is formed above 
1880°F, Gruner’s ideal can be approached. 
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For Mineral Resources, to Speak at AIME 


Timberline Lodge on 
Mt. Hood, 62 miles 
from Portland, pro- 
vides a tempting in- 
terlude for members 
attending the AIME 
Pacific Northwest 
Metals and Minerals 
Conference. 


HE Multnomah Hotel will be the scene of activi- 

ties for the annual AIME Pacific Northwest 
Metals and Minerals Conference sponsored this year 
by the Oregon Section. Oregon’s famed hospitality 
will leaven a full three days program of technical 
sessions and divisional luncheons April 29 through 
May 1. Thomas J. Waters, Pacific Carbide & Alloys 
Co., Portland, will be the toastmaster at the dinner. 
Felix E. Wormser, Assistant Secretary for Mineral 
Resources will be the speaker at the dinner. 

Frank X. Cappa, General Chairman of the Con- 
ference, has arranged a technical and social pro- 
gram which will make the conference a memorable, 
as well as an instructive, occasion. In addition to 
the metallurgy program detailed below, the con- 


Pacific Northwest Metals and Minerals Conference 


ference will include a session in geology with Lewis 
E. Scott, Oregon State Highway Dept., as chairman. 
Industrial minerals sessions will also be held with 
Hollis M. Dole, Oregon State Dept. of Geology and 
Mineral Industries; Thomas M. Robins, Raw Mate- 
rials Survey; Vernon E. Scheid, University of Ne- 
vada; Harry W. Marsh, Idaho Mining Assn.; and 
George H. Waterman, Manufactures Minerals Co., 
serving as chairmen of the various sessions. An In- 
dustrial Minerals Luncheon will be held on Satur- 
day, May 1 with Robert C. Stephenson, National 
Chairman, AIME Industrial Minerals Div., as 
speaker. Plant tours will be made to the Alcoa rod 
and wire mill and Carborundum Co. Ladies are in- 
vited. 


Thursday, April 29 


9:00 am to 5:00 pm 
Registration, Multnomah Hotel 


1:00 to 5:00 pm 
Plant Tours 


7:30 to 9:30 pm 
Mineral Industries Education 
Chairman: tra S. Allison 
Open forum discussion with industry representatives 
and educators participating. 
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Friday, April 30 


9:00 am to 12 m 
Extractive Metallurgy 
Co-Chairmen: Harold E. Lee and Donald Ingvolstad 


Refining of Indium by Amalgam Metallurgy: F. A. 
Hames, Montana School of Mines, Butte. 

The Use of X-ray Fluorescence for Tungsten Analysis: 
R. I. Smith, Montana School of Mines, Butte. 

Chemical Treatment of Uranium Ores: F. A. Forward 
and J. Halpern, University of British Columbia, Van- 
couver, B. C. 

X-Ray Diffraction Studies of Highly Radioactive Ma- 
terials; William V. Cummings, General Electric Co. 
A Reaction Rate Study of the Solution of Cuprite in 
Sulphuric Acid: Milton E. Wadsworth and Dorab 

on University of Utah, Salt Lake City. 

2m 

Metals Branch Luncheon 
Speaker: W. A. Pearl, Director, 
Bonneville Power Administration 
2:00 to 5:00 pm 
Iron and Steel 
Chairman: G. R. Heffernan 

Iron Ores in the Pacific Northwest, Including British 
Columbia: J. F. Walker and W. R. Bacon, Dept. of 
Mines, Victoria, B. C. 

Coal and Coke in the Pacific Northwest, Including 
British Columbia: H. F. Yancey, U. S. Bureau of 
Mines, University of Washington, Seattle. 

Power, Natural Gas, and Fuel Oil in the Pacific North- 
west, Including British Columbia: Ivan Bloch and 
K. E. Hamblen, Portland, Ore. 

Processes: W. M. Armstrong, University of British 
Columbia, Vancouver, B. C. 


7:00 pm 
Social Hour and Banquet 
Speaker: F. E. Wormser, Assistant Secretary for 


Mineral Resources, Dept. of the Interior 


Saturday, May | 


9:00 am to 12 m 
Physical Metallurgy 
Chairman: S. E. Maddigan 


Developments Necessary for General Theories of 
Creep Useful in Stress Analysis: Kenneth R. Merckx, 
General Electric Co. 

Dislocation Boundaries and Strength of Metal Crys- 
tals: Jack Washburn, University of California, 
Berkeley. 

Metallographic Study of Equilibrium Relationships in 
3S Aluminum Alloy: P. R. Sperry, Kaiser Aluminum 
& Chemical Corp. 

Theory of Hardening in Iron Carbon Alloys: E. A. 
Rowe, University of Washington, Seattle. 

Phase Transformations in the Titanium-Rich Alloys of 
Iron and Titanium: J. G. Parr, University of British 
Columbia, Vancouver, B. C. 

An Analysis of Some Cooling Curves Taken During the 
Solidification of Tin: H. E. Flanders and L. Crockett, 
University of Utah, Salt Lake City. 


9:00 am to 12 m 


Extractive Metallurgy 
Co-Chairmen: Harold E. Lee and Donald Ingvolstad 


Modern Trends in Extractive Metallurgy: S. F. Ravitz, 
University of California, Berkeley. 

Bunker Hill—Bailey Meter Density Recorder and Con- 
troller: A. F. Kroll, Bunker Hill Mining & Concen- 
trating Co., Kellogg, Idaho. 

Symposium—Filter Media for Industrial Gas. Mod- 
erator: A. L. Labbe, American Smelting & Refining 
Co. 


2:00 to 5:00 pm 
Physical Metallurgy 


Chairman: S. E. Maddigan 


Studies on the Corrosion Inhibition of Mild Steel by 
Sodium Dichromate: I. D. G. Berwick, British Co- 
lumbia Research Council. 

The Isolation of Surface Films from Aluminum Alloys: 
M. J. Pryor, Kaiser Aluminum & Chemical Corp. 
The High Pressure Oxidation of Metals: W. M. Fassell, 

University of Utah, Salt Lake City. 

The Use of X-Ray Diffraction in the Metallurgy of 
Aluminum Alloys: F. R. Morral, Kaiser Aluminum & 
Chemical Corp., Spokane. 

The Weldability of Ductile Iron: O. G. Paasche, Oregon 
State College, Corvallis. 

The Effects of Ultrasonics on Rate of Carburizing: E. A. 
Rowe, University of Washington, Seattle. 


AIME Board Votes New Plan for Local Section Financial Support 


After much discussion at the meet- 
ing of the Council of Section Dele- 
gates at the Annual Meeting, the 
Board of Directors, at its meeting on 
February 16, again following con- 
siderable discussion, voted to dis- 
continue immediately the present 
method of making Local Section 
appropriations and to substitute a 
plan whose main essentials are as 
follows: (1) A rebate of one half of 
the initiation fees received during 
the calendar year 1954 from new 
Members in the territory of a Sec- 
tion will be returned to that Section; 
and an appropriation of 50¢ will be 
granted to every Local Section for 
each Member, Associate Member, or 
Junior Member in the territory of 
the Section on record at Institute 
headquarters on Jan. 1, 1954. 
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The Council of Section Delegates 
had recommended that the rebate 
be $1 instead of 50¢, but the Board 
felt that to adopt the higher figure 
at the present time would make 
necessary too much of a cut in other 
vital items of the expense budget. 
In addition to the above, the rail- 
road fares of the delegates to the 
Annual Meeting have been paid, but 
this may be discontinued after this 
year. The plan is for the current 
year only, as an experiment. Details 
of administering the plan were to be 
approved at the March 17 meeting 
of the Executive and Finance Com- 
mittees, after which checks would 
immediately be forwarded to the 
various Local Sections that desire 
to have the appropriation. It was 


expected that an additional fund of 
some $2000 would be required to 
provide needed support for such 
Local Sections as will receive con- 
siderably less under the new plan 
than they have found necessary in 
the past. 

The new plan adds a considerably 
greater incentive to secure new 
Members than the plan heretofore 
in force, which gave the Local Sec- 
tions only $2 out of the $20 initia- 
tion fee for Members and Associate 
Members instead of the $10 now 
granted. Thus, host Local Sections 
that conduct active membership 
campaigns will be enabled to add a 
fairly large sum to the amount re- 
ceived through the 50¢ grant per 
present Member. 


q 
we 
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The Annual Meeting was climaxed with the Annual Banquet held in the Waldorf-Astoria Ballroom Wednesday evening. Presen- 
tation of honors and awards were made during the dinner. 


Glittering Succession Of 


Technical and Social Events Marks 1954 
Annual Meeting as Outstanding in Institute History 


NE of the brightest chapters in 

Annual Meeting history was 
written in New York City last Feb- 
ruary 15 to 18 when more than 3600 
persons registered at the Hotels 
Statler and McAlpin for the largest 
gathering in AIME annals. 

One registrant, standing on the 
mezzanine of the Statler and viewing 
the scene around him Thursday after- 
noon commented: “It doesn’t seem 
that anyone realizes the meeting is 
about over. They’re still going strong, 
and it looks like they don’t have any 
intention of stopping.” 

From appearances, it seemed that 
the man was right. One meeting of 
about 150 didn’t break up until 5 pm 
of the last day, and another went 
until 4 pm. Members made no gigan- 
tic rush to the check out desks, and 
many were still around talking about 
the meeting, the papers presented, 
and plans for next year long after 
they normally do. As for the papers 
presented, there was a lot to talk 
about—enough to fill a year’s discus- 
sion until the next Annual Meeting. 

Some 400 papers were presented at 
more than 80 sessions. Time end time 
again meeting rooms were crowded 
to the point where standees outside 
the door strained to catch the speak- 
ers words. Discussions were lively, 
with ideas, comments, and elabora- 
tions flowing in an almost endless 
stream after every presentation. 


A quick rundown of registration 
lists disclosed that people from all 
over the U. S. and the world were 
sitting in on the technical sessions. 
The Annual Banquet held at the 
Waldorf Astoria saw some 1800 per- 
sons attending. Leo F. Reinartz, 1954 
President of the AIME, officially took 
over the duties of office at the affair. 

The whole tenor of the meeting 
seemed to be that there just wasn’t 
time enough to attend all the sessions, 
social functions, and business meet- 
ings that one would like. Good na- 
tured hustle and bustle pervaded the 
atmosphere as registrants did their 
best to be at as many places as pos- 
sible during the four brief days of 
the meeting. The general opinion was 
that this Annual Meeting was one of 
the finest showcases for mining and 
metallurgy ever assembled. 

New York cooperated to the extent 
of providing some of the balmiest 
February weather in years. Tempera- 
tures ranged up around 50°F or bet- 
ter during the day and evenings were 
far from uncomfortable for that time 
of the year. Registrants were also at- 
tracted to what many consider to be 
one of the best New York theatrical 
seasons in many years. 

Attendance at the Welcoming 
Luncheon was in keeping with the 
record-breaking registration. Andrew 
Fletcher, speaking at the luncheon, 
told the audience that he regretted 


the quick passing of his year in office. 
He enjoyed the task and the accom- 
panying responsibilities, he said, and 
the satisfaction that comes with do- 
ing a job one likes. Desmond F. Kidd, 
consulting geologist and Past Presi- 
dent of the Canadian Institute of Min- 
ing and Metallurgy, also spoke brief- 
ly. He extended greetings from the 
Canadian sister society. 

Featured speaker of the Welcom- 
ing Luncheon was Grayson Kirk, 
president of Columbia University. It 
may be recalled that another Colum- 
bia president, Dwight D. Eisenhower 
addressed an Annual Meeting Wel- 
coming Luncheon four years ago. Mr, 
Kirk, in his address, said that never 
before in history has there been such 
an attack on the freedom of man as 
that by the Soviet Union. In citing 
Columbia's attempts to broaden the 
scope of its engineering program, Mr. 
Kirk noted that the needs of the 
times cannot be met by men with 
narrow professional training. Refer- 
ring to Columbia’s current bicenten- 
nial celebration, Mr. Kirk said the 
feeling developed at Columbia that 
the time had come for the world to 
move away from a defense of intel- 
lectual freedom in favor of an offense. 

Cocktails at six attracted another 
huge gathering, as registrants con- 
verged on the Sky Top and Penn Top 
of the Hotel Statler. Sponsored by 
contributions from several com- 
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panies, the cocktail party proved to 
be its usual place for sudden meet- 
ings with old friends, pre-technical 
meeting discussions, plan making, 
and just socializing. It lasted well 
past the 7:30 pm deadline. 

The dinner-smoker which followed 
was acclaimed the best in the series. 
The Latin Quarter show, which fol- 
lowed the dinner, was rated by those 
who attended as outstanding. 

Tuesday evening, at the Metals 
Branch Dinner, H. A. Sujan, com- 
mercial counselor, Indian Embassy, 
Washington, D. C., presented a brief 
account of his country’s economic 
and political progress. Mr. Sujan also 
discussed the mineral position and 
potential of India. He noted that 
India is progressing steadily in its de- 
velopment of a metals and minerals 
industry. H. DeWitt Smith, Presi- 
dent-Elect for 1955 also spoke at the 
Metals Branch Dinner. He discussed 
new mining developments overseas. 
R. R. McNaughton, Chairman, Metals 
Branch Council, acted as toastmaster 
for the evening. 

Following the round of branch din- 
ners, the evening was given over to 
the Informal Dance held at the Stat- 
ler, The music was good and the eve- 
ning had that quality of never grow- 
ing too late. Dancing continued be- 
yond the 1 am goodnight time. 

Speaking on the engineering pro- 
fession in general at the Mineral In- 
dustry Education Luncheon, Wednes- 
day, Dean Eric Walker of Pennsyl- 
vania State University, said that in 
his opinion teachers of engineering 
were scrutinizing their curriculum 
more thoroughly than any other aca- 
demic group. 

The Second Annual Extractive Met- 
allurgy Stag Luncheon and Business 
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Another outstanding event was the Metals Branch dinner held in the McAlpin Hotel Tuesday evening. R. R. McNaughton in- 
troduced H. DeWitt Smith, AIME President-Elect for 1955, to Members. H. A. Sujan of the Indian Embassy was featured speaker. 


Meeting, held at the McAlpin, fea- 
tured Simon Strauss, vice-president, 
American Smelting & Refining Co. 
Mr. Strauss traced the history of 
AS&R and also argued for the de- 
fense of free enterprise. R. R. Mc- 
Naughton, EMD Chairman, served as 
toastmaster. T. D. Jones, 1953 Past 
Chairman, received a plaque in recog- 
nition of his service, and P. T. Stroup 
was introduced as Chairman for 1954. 

D. L. McBride presided at the 
Luncheon Meeting of the Physical 
Chemistry of Steelmaking Committee 
on Wednesday. Gordon Dean, former 
chairman of the Atomic Energy Com- 
mission, told the luncheon of the 
Mining and Metallurgical Society of 
America that the uranium mining 
industry should have the same deple- 
tion allowance as that of the petro- 
leum industry. He also said that gov- 
ernment should declare a three-year 
moratorium on income taxes for 
domestic uranium mining ventures. 
Mr. Dean noted that “75 pct of all the 
dollars expended for plant and equip- 
ment in the atomic energy program 
has gone to the construction and 
operation of fissionable material fac- 
tories.” Andrew Fletcher, 1953 AIME 
President, presented Institute awards 
and medals at the Annual Banquet 
held at the Waldorf-Astoria. This was 
a banner year for the AIME in re- 
spect to awards, with every AIME 
honer presented. In acidition, Mr. 
Fletcher called off the names of new 
Legion of Honor members who were 
able to attend this year. Mr. Fletcher 
again noted his great enjoyment of 
the duties of past office. 

Leo F. Reinartz, taking over offi- 
cially as AIME President, recounted 
Institute progress and touched on 
what might be expected in the future. 


Mr. Reinartz stressed the importance 
of the financial position of the AIME 
in his address. He also highlighted 
the importance of the Local Sections 
and the roll of the AIME in further- 
ing the work of individual sections. 
Following the Banquet, AIME mem- 
bers greeted Mr. Reinartz at the 
President’s Reception. The Formal 
Dance followed the Banquet. 

More than 500 members and guests 
registered for the Woman’s Auxiliary. 
The Welcoming Reception, courtesy 
of Mrs. H. A. Prosser and the New 
York Section, WAAIME, Mrs. John 
P. Dyer, Chairman, was held Monday 
from 9 am to 12m. The Annual Meet- 
ing of the WAAIME took place in the 
Palm Room of the Waldorf-Astoria, 
with luncheon on the Starlight Roof. 
A fashion show followed lunch. The 
round table discussion was held 
Wednesday morning and afternoon. 
Tickets and information on theater, 
TV, and other amusements were 
available to the ladies at the regis- 
tration desk at the Statler. 

Officers of the WAAIME for 1954 
are: Mrs. Felix E. Wormser, Presi- 
dent; Mrs. Francis Cameron, Ist 
Vice-President; Mrs. Lyman H. Hart, 
2nd Vice-President; Mrs. David E. 
Park, 3rd Vice-President; Mrs. Har- 
old O. Bosworth, 4th Vice-President; 
Mrs. J. B. Haffner, 5th Vice-Presi- 
dent; Mrs. W. McG. Peirce, Record- 
ing Secretary; Mrs. Arnold H. Miller, 
Assistant Recording Secretary; Mrs. 
Theodore Nagel, Corresponding Sec- 
retary; Mrs. Robert W. Rowen, Treas- 
urer; Mrs. Samuel H. Dolbear, Assist- 
ant Treasurer; Mrs. H. A. Kursell, 
Assistant Treasurer; and Mrs. J. P. 
Dyer, Mrs. S. H. Levison, Mrs. H. A. 
Prosser, and Mrs. H. W. Hardinge, 
Chairman, Nominating Committee. 


Bruce Chalmers, Harvard University, delivered the 33rd 
Institute of Metals Lecture. He is shown receiving a scroll 
and congratulations from Andrew Fletcher, Past President 
AIME, and Morris Cohen, Chairman IMD. 


Hosts and sponsors for the Annual 
Meeting of the AIME were the mem- 
bers of the New York Section. Mem- 
bers of the General Committee were: 
Robert Ramsey, Chairman; G. 
Howard LeFevre, Vice-Chairman; 
Alvin W. Knoerr, Secretary; and 
James S. Vanick, Treasurer. 

Minerals Industry Education Div., 
presaging the record turnout for the 
1954 Annual Meeting, held its first 
session at Columbia University’s 
Faculty Club on Sunday. During the 
afternoon papers dealing with the 
theme Characterization of the Min- 
eral Industry Field were presented 
by J. D. Forrester, Rev. J. B. Macel- 
wane, S. J., John C. Calhoun, Jr., and 
R. Schumann, Jr. 

Another afternoon session con- 
cerned itself with Techniques of Lab- 
oratory Instruction in Physical Chem- 
istry. The Metallurgical Curriculum 
session heard R. Schuhmann, Jr. de- 
liver his paper on Intergration of 
Metallurgical Engineering Curricula. 
The session was a joint one with the 
Institute of Metals and Mineral In- 
dustry Education Divs. taking part. 
An evening session on mining fol- 
lowed the Welcome Cup and Buffet 
Supper. Papers were presented by 
J. R. Van Pelt, A. E. Adami, Koehler 
S. Stout, and V. D. Frechette. 

The Metallurgical Education ses- 
sion, held during the evening by the 


Seated at the head table during the Mineral Industry Edu- 
cation Div. luncheon Tuesday noon are: R. T. Gallagher, 
H. H. Powers, J. R. Van Pelt, Jr., Chairman, E. A. Walker, 


Guest Speaker, and J. D. Forrester. 


Institute of Metals Div. featured a 
paper by R. F. Mehl on the Nature of 
Education in Metallurgical Engineer- 
ing. Prepared discussions were pre- 
sented by J. H. Holloman, G. A. 
Roberts, and J. S. Smart, Jr. Discus- 
sion at the education sessions set the 
general trend of the Annual Meeting. 
They were spirited, pointed, and with 
a great many participants. 

Another Education session took 
place Monday, with MIED and Min- 
erals Beneficiation Div. joining 
forces. 


Powder Metallurgy Seminar—Re- 
ported by Claus G. Goetzel, Sinter- 
east Corp. of America. A powder 
metallurgy seminar was conducted 
under the chairmanship of Claus G. 
Goetzel on The Contribution of 
Powder Metallurgy to the High- 
Temperature Materials Problem. 
Before an audience of more than 150 
listeners, an excellent paper pre- 
senting in part new and only very 
recently declassified information 
was delivered by G. M. Ault and 
G. C. Deutsch of the Materials Re- 
search Section, Lewis Flight Pro- 
pulsion Laboratory, NACA. 


Leo F. Reinartz, President AIME, and his wife received 
guests and members in the East Foyer of the Waldorf- 
Astoria Hotel after the Annual Banquet Wednesday evening. 
Mr. Reinartz is a vice-president, Armco Steel Corp. 


Powder metallurgy has proved of 
great value to the metallurgist in- 
terested in materials for high-tem- 
perature applications by: 


A—Providing him with materials 
not otherwise available. This 
is true in the case of the cer- 
mets, the intermetallics and 
some refractory metals, and 

B—providing him with materials 
in a form not otherwise avail- 
able, as in the case of porous 
materials. 


The sintered aluminum powder 
has dramatized a mechanism of in- 
creasing limiting temperatures that 
may be applicable to other alloy 
systems. Powder metallurgy also 
holds some promise for the produc- 
tion of alloys having controlled 
microstructure and without the usual 
limitations in the quantities of alloy- 
ing additions. 

With the possible exception of 
wrought molybdenum alloys, tech- 
niques of powder metallurgy have, 
in some instances, produced mate- 
rials superior to products now con- 
ventionally used in power plant and 
related applications on the basis of 
elevated temperature strength. These 
materials have found some applica- 
tion, such as for heating elements, 
thermocouple protection tubes and 


The Past President's Luncheon was held Thursday noon at 
the Statler Hotel. From left to right are: Andrew Fletcher, 
Herbert Hoover, Sr, M. L. Haider, Scott Turner, J. M. 


Lovejoy, and L. S. Cates. 
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Members of the IMD Executive Committee are: Seated, Bruce Gonser, J. M. Hodge, W. E. Mahin, W. A. Dean, J. H. Scaff, Morris 
Cohen, E. Kirkendall, J. S. Smart, Jr., M. B. Bever, C. F. Floe, C. S. Barrett, and W. R. Hibbard; standing: J. E. Burke, Al Cohan, 
T. A. Read, J. B. Austin, A. B. Kinzel, W. J. Harris, Jr., 0. J. Blickwede, O. T. Marzke, R. D. Chapman, and R. S. Busk. 


high temperature abrasion resist- 
ance parts. However, before appli- 
cation to such critical components as 
turbine blades can be made, solu- 
tions to several important problems 
must be found. These generally stem 
from the lack of ductility and in- 
clude methods of fastening, impact 
resistance, and reliability. Progress is 
being made toward the accomplish- 
ment of these objectives. 

The discussion, in which repre- 
sentatives of aircraft engine build- 
ers, cemented carbide manufactur- 
ers, and scientific laboratories work- 
ing in the metallurgical and ceramic 
fields participated, highlighted the 
significance of further endeavors 
necessary in improving the ductility, 
impact resistance and reproduci- 
bility of cermets and other powder 
metallurgy materials sought to re- 
place the conventional alloy prod- 
ucts presently in use. 


Titanium Session (am)—Reported 
by J. D. Morgan, Office of Defense 
Mobilization, and N. C. Fick, Dept. 
of Defense. The titanium extractive 
metallurgy speakers talked to a full 
house with persons standing along 
the walls during the presentation 
of all four papers. John D. Morgan 
of Materials Div., Office of Defense 
Mobilization, opened the subject by 
reviewing briefly the titanium situa- 
tion as viewed from the nation’s 
capitol. H. H. Kellogg, head of the 
Office of Defense Mobilization’s 
newly formed titanium committee, 
was then introduced. 

Approximately 200 persons lis- 
tened to W. R. Opie review prob- 
lems of the chloride processes. Later 
P. J. Maddex described commercial 


The Committee on Physical 
Chemistry of Extractive Metal- 
lurgy met Tuesday noon under 
the chairmanship of R. Schuh- 
mann at the McAlpin Hotel. 
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metal production at the Henderson, 
Nev. plant of Titanium Metal Corp. 
Production of basic material by 
smelting of ores was covered by 
D. L. Armant, and L. W. Rowe cov- 
ered both technical and economic 
aspects of production and purifica- 
tion of titanium tetrachloride. 


Audience interest was evidenced 
by spirited discussion of each of the 
papers. It is believed that a marked 
advance has been made in titanium 
technology as a result of the inter- 
change of information afforded by 
this meeting. 


Titanium Session (pm)—Reported 
by Walter L. Finlay, Rem-Cru Ti- 
tanium, Inc. The titanium session was 
an interesting blend of the theoretical 
and the applied: Four constitution 
diagram papers on systems of pres- 
ent or potential industrial interest 
and one paper on the heat treatment 
of commercial titanium alloys. 


There were some lively exchanges 
on the constitution diagram papers, 
but the one casting the longest shad- 
ow ahead to future AIME sessions 
was Harold Margolin of New York 
University who disclosed that, based 
on both X-ray and optical (notably 
some beautiful electro-tinted micros 
by Ence) metallography, New York 
University workers were raising the 
number of phases in the Ti-Mn sys- 
tem from the hitherto established 
two up to at least four and possibly 
to even five. With professional rel- 
ish, Margolin pronounced Ti-Mn 
system a mess and promised some 
intensive work to clean it up. 

Luini and Lee’s commercial heat 
treatment paper added to the grow- 


ing mass of evidence that excellent 
combinations of properties can be 
obtained by heat treatment of C- 
type (combined alpha-beta) alloys 
and that minimum design values of 
160,000 psi ultimate and 10 pct 
elongation are in prospect. Wentz 
(Rem-Cru) confirmed Luini and 
Lee’s results and reported the av- 
erages and standard deviations for 
four heat treated tensile specimens 
each from ten heats of a C-type al- 
loy, C-130AM (formerly RC-130B). 
The data are given in Table I. 


Table |. Averages and Standard Deviations 
for Heat Treated Tensile Specimens 
of C-130AM 


Average Sigma 


173,000 
159,000 


Ultimate strength, psi 
Yield strength, 

0.2 pct offset, psi 
Elongation, pct 14.5 
R. A., pet 28.0 


Iron and Steel Div. General Ses- 
sion—Reported by H. O. Beaver, 
Carpenter Steel Co. Experimental 
studies on desulphurization of steel, 
using rare earths conducted in a 50 
lb magnesia lined induction furnace, 
were reported by J. A. Berger and 
N. G. Snellman. Only the rare earth 
metals—mischmetal—were used in 
these experiments, and no studies 
were made of the slags formed. 
Rare earth additions varied 0 to 12 
lb per ton, and were preceded by 
aluminum or ferrosilicon additions. 

Most of the data showed about a 
50 pct reduction in sulphur in ap- 
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After presenting the Welcoming Cup to MIED at the 
Columbia Faculty Club, J. A. Krout, provost and vice- 
president of Columbia University, chats with Andrew 


Fletcher, Past President AIME. 


proximately 1 min, after which a 
sulphur reversion occurred, return- 
ing to the original sulphur content 
in about 18 min. The use of various 
atmospheres did not materially 
affect the sulphur removal and re- 
version pattern. 

A detailed description was given 
by R. W. Henke of the factors 
affecting hot workability of stainless 
steels, such as analysis balance, 
heating temperature, grain size and 
hot shortness. Production experi- 
ences have shown that rare earth 
additions made under conditions of 
low silicon content during refining 
result in optimum hot workability. 
The residual rare earth content is 
not significant in the standard AISI 
type stainless steels. A_ possibility 
exists of detrimental side effects. 

D. C. Hilty and Walter Crafts ex- 
plained the construction of a four 
component system for the mech- 
anism of manganese deoxidation and 
sulphur removal. 

The session was characterized by 
lively discussions after the pres- 
entation of each paper. 


Ingot Examination and New Euro- 
pean Practices—Reported by W. O. 


Philbrook, Carnegie Institute of 
Technology. An audience of 200 


C. D. King, 


tant vice-pr 
neering committees, U. S. Steel Corp., presented the 31st 
Howe Lecture Tuesday. His subject was Stee!making— 


ident and chairman engi- 


Some Future Prospects 


learned of two recent European de- 
velopments by which tonnage oxy- 
gen has been used to increase the 
production of steel of open hearth 
quality at low cost in the face of a 
scrap shortage. In the Austrian pro- 
cess described by Cuscoleca, a high 
velocity jet of nearly pure oxygen is 
blown onto the surface of hot metal 
in a basic lined vessel similar to a 
very deep ladle. Coheur told of the 
procedure developed in western 
Europe where Thomas converters 
were at hand. This consists of 
bottom-blowing in basic vessels 
with oxygen-enriched air (30 pct O,) 
with scrap, ore, and limestone used 
in various combinations as coolant, 
and with oxygen-steam mixtures. 
Both processes utilize basic slags 
and remove phosphorus and sulphur 
to normal open hearth levels. Elim- 
ination of nitrogen from the blast 
results in a content of that element 
in the steel of 0.002 to 0.003 pct. 
Both oxygen converter processes 
share the virtues of low cost, high 
productivity, and considerable flexi- 
bility with respect to iron composi- 
tion and scrap consumption. The 
products are said to equal or exceed 
open hearth steel in quality, espe- 
cially with respect to ductility, 
drawability, and weldability. The 


processes are probably best suited, 
though not exclusively limited, to 
making low carbon grades. 

Capital costs of the Austrian 
process are estimated to be less than 
half of the investment for an open 
hearth shop of similar capacity, 
with further savings in lower fuel 
and operating costs. The major diffi- 
culty appears to be the disposal of 
fumes, which are about 85 pct under 
1 micron in size. 

Carney and Rudolphy presented a 
detailed study of ingot structure, 
segregation, and inclusions in a 
capped ingot of B1113 high sulphur, 
free machining steel and of the 
changes in inclusion size and distri- 
bution caused by rolling to blooms 
and billets. Discussion brought out 
some confirming evidence, an inter- 
pretation in terms of silicon modifi- 
cation of the Fe-O-S-Mn_ system, 
and the point that heating cycles 
during processing may modify in- 
clusion shapes. 


Copper Session—Reported by H. K. 
Spaulding, American Smelting & 
Refining Co. The Extractive Metal- 
lurgy Div. Copper Session held Wed- 
nesday afternoon was attended by 
approximately 70 men. Two interest- 
ing papers were presented. 


The Extractive Metallurgy Div., 
R. R. McNaughton, Chairman, 
held its meeting Wednesday 
noon at the McAlpin Hotel. 
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D. L. McBride, Chairman of the 
Committee on the Physical 
Chemistry of Steelmaking, pre- 
sided at a luncheon meeting 
Wednesday noon. 


C. D. Pearce described the new 
3000 Ib V.C. copper slab installation 
at the Raritan copper works of the 
International Smelting & Refining 
Co. Slides and photographs supple- 
mented the paper. The new unit 
casts at the very high rate of 1300 lb 
per min. The rapid pouring as well 
as the length of the slabs cast 
evoked questions from the floor on 
the internal structure of the slabs. 
Considerable discussion followed 
the paper with questions being 
asked on the reasons for Raritan’s 
choice of conventional oil-fired fur- 
naces, mold life, the use of tear-drop 
boxes in molds instead of float or 
pelican ladles, and pouring ladle lip 
construction. 

The hydrometallurgy of copper 
and zine concentrates was explained 
by Hidesabura Kurushima of the 
Dowa Mining Co., Japan. As the 
paper was rather lengthy, Mr. 
Kurushima described his plant and 
process by means of slides. The 
electrolytic recovery of copper and 
zine from solutions derived from the 
leaching of roasted copper zinc 
concentrates is an unusual process. 
Mr. Kurushima commented that the 
roasting temperature is extremely 
critical and must be held at 700°C. 
The plant output is 200 tons of cop- 
per and 300 tons of zinc per month. 


Solidification—Reported by J. H. 
Frye, Oak Ridge National Labora- 
tory, and B,. Lement, Massachusetts 
Institute of Technology. Three pa- 
pers were presented at this session. 
Two of the papers were somewhat 
related. The first of these, by Mi- 
chael and Bever, was a study of the 
factors controlling the segregation 
of aluminum copper alloys; while 
the second, by Pfann, represented 
an analysis of how the principles 
controlling segregation could be 
used to produce a controlled and 
useful concentration gradient in 
semiconductors. The third paper, 
by Ellis and Fageant, gave a com- 
plete analysis of orientation rela- 
tionships in cast germanium. 


In the absence of K. C. Mc- 
Cutcheon, 8. R. McNaughton, 
Chairman-Elect, presided at 
the meeting of the Metals 
Branch Council. 
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There was worthwhile discussion 
of each one of the papers. Among 
those participating were: Frederick 
Rhines, W. G. Pfann, Paul H. Keck, 
F. J. Radd, and Robert L. Fullman. 


Surface Quality of Bars—Reported 
by T. B. Winkler, Republic Steel 
Corp. Judging from the interest 
aroused by this session, it is to be 
hoped that there will be more ses- 
sions in the future dealing with met- 
allurgical problems associated with 
rolling mill and forging practice. 

The first paper, prepared by C. V. 
Klimas and J. V. Florchak, evalu- 
ated factors affecting surface quality 
of bar mill products. Particular 
emphasis was placed on the impor- 
tance of: A—Starting with a sound 
billet, B—reheating the billet thor- 
oughly and uniformly, and C—roll- 
ing and finishing at satisfactory 
temperature levels. 

S. J. Beckman presented a paper 
entitled Controlled Atmosphere An- 
nealing of Cold Drawn Bars. De- 
scriptions of the various types of 
annealing atmospheres and their 
applications were included. Special 
attention was given to the practice 
of carbon restoration of cold fin- 
ished bar products by application of 
suitable annealing procedure. 

The third paper dealt with the 
difficult problem of determining the 
origin of ingot cracks in 0.20 pct C 
steel and development of methods 
for their elimination. M. A. Orehoski, 
N. R. Arant, and J. Pusateri de- 
scribed the results of their exten- 
sive research activity both in the 
laboratory on small ingots and in 
the plant on commercial size ingots. 
The investigation was very well 
done, and some good fundamental 
information on ingot solidification 
and its relationship to ingot cracks 
was presented. 


Are Furnace Copper Melting—Re- 
ported by J. G. Leckie, American 
Smelting & Refining Co. A sympo- 
sium on are furnace copper melting 
was held for two sessions on Mon- 


day, February 15, with approxi- 
mately 100 persons in attendance. 
An excellent paper on, Electric Fur- 
nace Melting Practice at Canadian 
Copper Refiners Ltd., was presented 
by Warren Sheaffer and evoked con- 
siderable discussion. The rest of the 
meeting was on an off the record 
basis and included summaries bring- 
ing up to date the three papers pre- 
viously presented at meetings of the 
AIME and CIMM on arc furnace 
practices. Construction and operat- 
ing data were also given for four 
other plants now using this type of 
copper melting. 

There was considerable valuable 
discussion on furnace melting capa- 
cities; furnace bottom, sidewall, and 
roof construction; charge slots; elec- 
trical controls; electrode size; and 
electrode and power consumption. 
The first large scale melting of cop- 
per in an electric arc furnace was 
started in 1936. Since 1948 there 
has been a very rapid expansion in 
the use of this type furnace and 
today at least eleven large arc fur- 
maces are in operation throughout 
the world for the melting of copper. 


Physical Metallurgy of Steel—Re- 
ported by L. D. Jaffe, Watertown 
Arsenal. In a session marked by 
active discussion, discussion of 
Brown and Baldwin's work on the 
effects of strain rate and tempera- 
ture upon hydrogen embrittlement 
was naturally extensive. Consider- 
able interest was shown in embrit- 
tlement arising from elevated tem- 
perature service in environments 
containing hydrogen. That the em- 
brittlement decreases with increas- 
ing strain rate over the entire range 
of temperature was unexpected, and 
is leading to a new theory of hydro- 
gen embrittlement. 

Study of the effect of aluminum 
on low temperature properties of 
pure ferrite, by Green and Brick, 
led to a discussion of the role of 
deformation twinning in iron and 
particularly of the strain hardening 
accompanying such twinning. 


More than 500 members and 
guests registered for the 
Woman's Auxiliary, AIME. The 
meeting was held in the Palm 
Room of the Waldorf-Astoria. 


Discussion of Brown’s paper on 
temper brittleness brought out that 
the change in reciprocal of tem- 
perature of transition from tough 
to brittle behavior, associated with 
this brittleness, is independent not 
only of the test used but also of the 
criterion of transition. 

Research presented at the session 
indicated that 475°C embrittlement 
of ferritic stainless steels is associ- 
ated with the presence of impurities 
or plastic deformation. This work 
by Lena and Hawkes confirmed 
previous X-ray findings that the 
embrittlement is accompanied not 
by sigma formation but by develop- 
ment of ferrite with increased lat- 
tice parameter. Discussion centered 
on the possibility of an equilibrium 
or metastable solubility gap in body- 
centered-cubic iron chromium al- 
loys, at temperatures below those at 
which sigma usually forms. 

That tensile stress accelerates 
transformation of austenite to pri- 
mary ferrite was confirmed by 
Birks and Bailey’s study of eutec- 
toid steel. 


Physical Chemistry of Extractive 
Metallurgy—Reported by Eugene J. 
Michal, National Lead Co. A paper 
by G. M. Willis and F. L. Hennessey 
of Australia which missed the Los 
Angeles meeting last year was pre- 
sented this year for the authors by 
T. M. King of MIT. The properties 
of the system Ag,O-B.O, as a slag 
model were described, and a careful 
analysis was made of the experi- 
mental oxygen pressure measure- 
ments taken in the system. 

Vapor pressure measurements and 
liquidus data on the system NaCl- 
ZrCl, were presented by L. Howell 
of Columbia University. The large 
attendance for this paper evidently 
reflected a considerable interest in 
zirconium tetrachloride. Those pres- 
ent were rewarded with some valu- 
able experimental data outlining the 
ranges of composition of usable 
NaCl-ZrCl, melts. 

Radioactive antimony in an anti- 
mony oxide slag was used as a 
tracer to determine the rate of ex- 
change of antimony between molten 
antimony and fused antimony oxide 
slag in work described by D. Cubic- 
ciotti. The rate of exchange was 
found to be much slower than the 


exchange of iron between slag and 
metal described by Dirge and Birch- 
enall using radioactive iron in an 
iron silicate slag (JOURNAL OF METALS, 
October 1953). 

Thermodynamic activities in the 
lime-silica-iron oxide ternary sys- 
tem were derived or extrapolated 
from a number of published works 
by John Elliott, and summarized in 
ternary activity surface diagrams. 
The results are finding application 
in steel dephosphorization studies. 

An interesting practical applica- 
tion of thermodynamics to the fum- 
ing of zinc from lead blast furnace 
slags was described by R. C. Bell of 
Consolidated Mining & Smelting Co. 
of Canada. From the mass flow 
rates of air and fuel put into the 
zinc fuming furnace and from ther- 
modynamic equilibria established or 
assumed for the system, it was pos- 
sible to calculate the rate of elimi- 
nation of zinc from the slag. The 
actual plant data established the 
validity of the assumption that 
thermodynamic equilibrium was at- 
tained in the fuming process. This 
indicated that the method of calcu- 
lation could be used for predicting 
the rate of zine elimination with 
any type of solid, liquid, or gaseous 
fuel burned in partial combustion in 
air or oxygen enriched blast in the 
zine fuming furnaces. 


Dates Set for 
Future Board Meetings 


The following dates for Board 
meetings have been set for the 
confing year: May 19, 10 am, New 
York; September 21, 6 pm, San 
Francisco; November 17, 10 am, New 
York; February 13, 1955, 2:30 pm, 
Chicago; February 15, 5 pm, Chicago 

The Executive and Finance Com- 
mittees will meet at 12:30 pm at the 
Engineers Club in New York on the 
following dates: March 17, April 21, 
June 16, July 21, Aug. 18, Oct. 27, 
Dec. 15, Jan, 19, 1955. 


Board to Vote 
On Bylaw Amendment 


To adopt the new plan of financial 
support of Local Sections requires 
a change in the present bylaws of 
the Institute, Art. XI, Sec. 3. At 
their meeting on March 17, the Ex- 
ecutive Committee voted to give 
notice of its intention to amend the 
paragraph now reading as follows: 

“It shall be the policy of the Board 
of Directors, so far as practicable, 
to appropriate from the treasury of 
the Institute, on formal request of 
any Local Section, funds to assist it 
in meeting its necessary running ex- 
penses, in amount not to exceed in 
any year 25 per cent of the dues re- 
ceived from members resident in 
said Section during the preceding 
year, but in no event to exceed the 
sum of $400. Request for such ap- 
propriation shall be signed by the 
Chairman, Secretary, and Treasurer 
of the Section. If the expenses of a 
Section exceed the appropriation 
made by the Board, the difference 
may be made up by voluntary con- 
tributions or local dues from the 
members of said Section as the lat- 
ter may determine. The Institute 
shall not be responsible for the 
debts of any Section.” 

It is proposed to revise this as 
follows: 

“Should a Local Section request 
funds from the Institute treasury to 
assist in meeting its expenses, the 
Board of Directors may grant such 
help to the extent that, and in such 
manner as, it may from time to 
time determine. If the net expenses 
of a Local Section exceed the 
amount thus granted, the difference 
may be made up by voluntary con- 
tributions, local dues from members 
or affiliates, or by such other means 
as may be approved by the Board. 
The Institute shall not be responsi- 
ble for the debts of any Section.” 

Vote on the amendment will be 
taken at the May 19 meeting of the 
Board of Directors. 


for this meeting. 


Apr. 15, 1954 is the deadline for papers that are to be presented at the Institute 
of Metals Div. Fall Meeting in Chicago, Nov. 1 to 3, 1954. Papers received by this 
deadline but requiring revision may not be processed in time to permit scheduling 
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WHAT TIME 
IS GREEN ? 


In color television, the colors on the 
screen are determined in a special way. 
A reference signal is sent and then the 
color signals are matched against it. 
For example, when the second signal 
is out of step by 50-billionths of a sec- 
ond, the color is green; 130-billionths 
means blue. 


For colors to be true, the timing must 
be exact. An error of unbelievably small 
size can throw the entire picture off 
color. A delay of only a few billionths of 
a second can make a yellow dress appear 
green or a pale complexion look red. 


To ready the Bell System's television 
network for color transmission, scien- 
tists at Bell Telephone Laboratories 
developed equipment which measures 
wave delay to one-billionth of a second. 
If the waves are off, as they wing their 
way across the country, they are cor- 
rected by equalizers placed at key 
points on the circuit. 

This important contribution to color 
television is another example of the 
pioneer work done by Bell Telephone 
Laboratories to give America the finest 
communications in the world. 


BELL TELEPHONE LABORATORIES 


IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR 
CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS. 
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To keep colors true in television, signals 
must be kept on one of the world’s strictest 
timetables. Equalizers that correct off- 
schedule waves are put into place at main 
repeater stations of the transcontinental 
radw-relay system. 
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executive assistant to the president, 
Colorado Fuel & Iron Corp., Denver. 
He was manager of the market re- 
search dept. since 1942 and has had 
more than 30 years’ experience with 
the company. 


John D. Ryder, head of the electrical 
engineering dept., University of Il- 
linois, has been named dean of the 
school of engineering, Michigan 
State College. Dr. Ryder succeeds 
Lorin G. Miller, who retired in July 
1953. 


Paul Weir has been elected chair- 
man of the board and Clayton G. 
Ball was named president of the 
Paul Weir Co., Chicago. Raymond 
E. Zimmerman was elected vice- 
president. 


Charles A. Grim was recently ap- 
pointed assistant product manager 
of the cold rolled div., Crucible 
Steel Co. of America, New York. 
Mr. Grim joined Crucible in 1928. 


Peter V. Schneider is now employed 
as a powder metallurgist with Inter- 
national Business Machines Corp., 
Endicott, N. Y. He was formerly 
with the Ford Motor Co., Dearborn, 
Mich. 


Leroy G. Miller, John W. Juppenlaz, 
and James J. Blauch have formed 
the Quaker Alloy Casting Co., 
Myerstown, Pa. They were form- 
erly connected with Lebanon Steel 


Foundry. 


William F. Rochow has been named 
assistant to the president, research 
and development, Harbison-Walker 
Refractories Co., Pittsburgh. Mr. 
Rochow had been vice-president in 
charge of technical sales and re- 
search. He graduated from Penn 
State in 1912 and has been with the 
company since then, 


W. F. ROCHOW 


A. M. Riddle has been appointed 


K. HARMS 


K. Harms has been named general 
manager of the 16 U.S. plants of the 
federated metals div., American 
Smelting & Refining Co. T. D. 
Jones succeeds Mr. Harms as chief 
lead refinery metallurgist. G. H. 
Weis is now manager of the Perth 
Amboy plant. Mr. Harms has been 
with AS&R since 1923. In 1940 he 
became manager of the Perth Am- 
boy plant and chief lead refinery 
metallurgist for the company. Mr. 
Jones joined the company as a 
chemist in 1922. Since 1934 he has 
been traveling lead refinery metal- 
lurgist. He was Chairman of the 
AIME Extractive Metallurgy Div., 
and served as Director ex officio in 
1952. Mr. Weis joined the Balti- 
more plant in 1928. He was trans- 
ferred to Perth Amboy in 1932. 


Robert J. Johnson, metailurgist, has 
joined the Pittsburgh technical sec- 
tion of the development and research 
div., International Nickel Co. Be- 
fore joining Inco, he was with Round 
Chain Companies, Cleveland. 


T. D. JONES 


G. H. WEIS 


Gary Steven was appointed senior 
metallurgist at Armour Research 
Foundation, Illinois Institute of 
Technology, Chicago. 


Loren J. Westhaver, vice-president 
and manager of the Utah operations 
of the Columbia-Geneva steel div., 
U.S. Steel Corp., has been advanced 
to the position of general manager 
of the div., with headquarters in San 
Francisco. 


Alan A. Hutchings, sales manager of 
F. J. Stokes Machine Co., Philadel- 
phia, has been elected to the newly 
created position of vice-president in 
charge of sales. 


R. L. Pope, Electro Metallurgical Co., 
div. UCC, has been transferred from 
Chicago to New York. 


Frank R. Ward joined the atomic 
power div., Westinghouse Electric 
Corp., Pittsburgh as a project co- 
ordinator in the reactor and mate- 
rials dept. 
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R. A. LUBKER 


Robert A. Lubker has been ap- 
pointed manager of the metals re- 
search dept., Armour’ Research 
Foundation, [Illinois Institute of 
Technology. Mr. Lubker was form- 
erly associate manager of the metals 
dept. Prior to joining the Founda- 
tion in 1946, Mr. Lubker was a non- 
ferrous metallurgist and section 
manager for Westinghouse Electric 
Corp., East Pittsburgh. 


Wallace F. Armstrong, has been pro- 
moted from manager of the Houston 
plant to assistant general manager 
of manufacturing, Ethyl Corp. 


Marcus M. Fisher, has been named 
assistant comptroller of U.S. Steel 
Corp. He joined the corporation as 
a technical apprentice in 1938. 


Herbert Kellogg, associate professor 
of mineral engineering, Columbia 
University, New York, has been 
named chairman of the titanium ad- 
visory committee for the Office of 
Defense Mobilization. Professor 
Kellogg will have his headquarters 
in Washington temporarily but is 
still connected with the University. 
The newly created committee will 
develop a goverment policy for en- 
couragement of industry to see that 
defense needs are adequately met. 


H. H. KELLOGG 
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Leslie S. Fletcher has been appointed 
to the position of research fund 
director, American Society of Tool 
Engineers. Colonel Fletcher was 
technical director and president of 
Sam Tour & Co., Inc., New York. 
He will be located in Detroit for 
ASTE. 


John G. Fleming has been appointed 
to the newly created position of 
product planning manager, Bristol 
Co., Waterbury, Conn. 


Obituaries 


Raymond Courtney Kasper (Mem- 
ber 1937) died on Dec. 20, 1953. Mr. 
Kasper was born at Cleveland and 
graduated from Case School of Ap- 
plied Science and Cleveland Law 
School. He has been a testing and 
specification engineer engaged in re- 
search work on welding, metalliz- 
ing, and corrosion fatigue. In 1939 
he was a patents engineer for the 
Parker Appliance Co., Cleveland. 
He then joined the Electric Railway 
Improvement Co. as a research engi- 
neer. Mr. Kasper had been in Aus- 
tralia as a construction officer at 
Cairns, Queensland. From 1944 to 
1946 he was in the U. S. Navy. He 
later resided in Cleveland. 


Charles Owen Burgess (Member 
1949), metallurgist and technical di- 
rector of the Gray Iron Founders’ 
Society, died in Cleveland on Jan. 13, 
1954. Born at Little Falls, N.Y. in 
1903, Mr. Burgess was graduated 
from Lehigh University in 1923 with 
the degree of metallurgical engineer. 
Prior to joining the staff of Gray 
Iron Founders’ Society in 1948 he 
was head of the industrial service 
dept. of the research div. of the 
Union Carbide & Carbon Corp. He 
held more than a dozen patents in 
the steel and gray iron field and was 
also a well known author of techni- 
cal articles on the metallurgy of 
iron and steel. At his death he was 
nearing completion of a gray iron 
handbook for users of castings. Mr. 
Burgess was an active member of 
the following organizations: Ameri- 
can Foundrymen’s Society, AIME, 
ASTM, ASME, ASM, National Acad- 
emy of Science, American Ordnance 
Assn., American Society for Quality 
Control. He served on committees 
in these and in many other technical 
organizations. 


Necrology 
Date Date of 
Elected Name Death 
James A. Bowers Feb. 13, 1954 
1936 F. V. Dempsey Jan. 20, 1954 
1922 Henry E. Dodge Feb. 8, 1954 
1940 George M. Dorwart Dec. 14, 1953 
1946 Lloyd M.Kniffin Feb. 16, 1954 
1952 P. M. LeBaron Feb. 7, 1954 
1949 Harold J. Martin May 4, 1953 
1942 Paul R. Moyer Dec. 19, 1959 
1945 Frank C. Nicholson Unknown 
1944 Neil E. Salsich Feb. 2, 1954 
1937 Frederick M. Washburn Feb. 8, 1954 
1929 H. Vance White Jan. 23, 1954 
1906 Alfred W. G. Wilson Jan. 9, 1954 
1933 W.M. H. Woodward Nov. 20, 1953 
1945 Harold S. Worcester Feb. 1, 1954 
1944 Calvert C. Wright Feb. 1, 1954 


p roposed for Membership 
— Metals Branch AIME— 


Total AIME membership on Feb. 28, 1954 
was 20,445; in addition 1492 Student Associ- 
ates were enrolled. 


ADMISSIONS COMMITTEE 

O. B. J. Fraser, Chairman; R. B. Caples, 
Vice-Chairman; F. A. Ayer, A. C. Brinker, 
R. H. Dickson, Max Gensamer, Ivan A. Given, 
Fred W. Hanson, T. D. Jones, Sidney Rolle, 
J. H. Scaff, John T. Sherman, F. T. Sisco, 
Frank T. Weems, R. L. Ziegfeld. 

The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as possi- 
ble and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 

In the following list C/S means change of 
status; R, reinstatement; M, Member; J, Jun- 
ior Member; A, Associate Member; S, Student 
Associate. 


California 

Berkeley—Tietz, Thomas M. (M) (C/S—A-M) 
Glendale—Pickard, Almon L. (M) (R. M) 
Harrison C. (M) (R.C/S 


Celerado 

Ralph C. (A) (R.C/S~— 
- 

Pueblo—Williams, Robert R., Jr. (M) 


Delaware 
Wilmington—Copps, D. J. Carroll (M) 


Florida 
Lakeland—Richter, Roscoe (J) 
Mulberry—Reynolds, Thomas M. (A) 


Georgia 
College Park—Harike, George E. (A) 


Chicago—Eck, Bernard J. (J) 
Chicago—Gainder, Donald F. (A) 
Joliet—Frazer, David J. W. (A) 


Indiana 
West Lafayette—Parlee, Norman A. (M) 


Kentucky 
Louisville—Ritchey, Neil F. (A) 


Mentana 
East Helena—Major, Finley S. (M) 


New Jersey 
Elizabeth—-Kerzner, Ivan M. (J) 


New York 

Brooklyn—Locke, Saul R. (M) 

Cove—Gow, Charlies C. (M) (R.C/S— 
-M) 

Kenmore—Strang, Daniel E. (M) 

Lerchmont—Wachtell, Richard L. (M) (C/S 

—A-M) 

New York—de la Bruniere, Bernard R. (J) 

Schenectady—Ruediger, Bernt A. (J) 

Westbury—Higgins, James F. (M) 


Ohie 

Cleveland—Perout, Emil (M) (C/S—A-M) 

Columbus—cCoffer, L. Wallace (M) 

Columbus—Heise, Robert E. (J) 

Bayten Mullendore, Arthur W. (J) (R.C/S 

Mansfield—Bardeen, Alton W. (A) 
Marietta—Dempsey, Jack B. (A) 


Pennsylvania 

Braddock—Aspden, Robert G. (J) 
Johnstown—Holienback, Elliott H., Sr. (M) 
McKeesport—Richmond, Francis M. (M) 
Pittsburgh—Bittner, Thomas P. (J) 
Pittsburgh—Pullerton, Ray (M) 
Pittsburgh—Gittings, Daniel O., Jr. (M) (C/S 


A-M) 
‘Richards, John H. (M) (C/S 


Washington 
Richland—Ryan, Margaret A. (M) (C/S— 


A-M) 
Richland—Socky, Richard B. (M) (C/S—A-M) 


Canada 

Hamilton, Ont.-Mohri, August F. (M) 
Hamilton, Ont.—Stewart, William J. (M) 
Sudbury, Ont.—Bischoff, Joseph C. (A) 
Toronto, Ont.—Clark, Charles W. (M) (R.M) 


England 
Stockton-on-Tees—Howe, Hedley (M) 
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You can equip your 


smelting furnaces with 
* 


Self-Baking 
Electrode Gear... 


Lectromelt Self-Baking Electrode Gear gives 
you these advantages: 


1. The complete structure is supported 
by two I-beams just above the furnace 
roof, resulting in lower and lighter 
building construction above. 


2. No movable parts required at clamp 
level such as bolts, nuts, springs, etc., 
which can be damaged by flame. 


3. Remote-control clamping device allows 
quick and simple electrode adjustment 
and easy replacement of clamp shoes. 


4. Pressure ring exerts uniform pressure 
and holds electrode circular. 


5. Four cable supports provide minimum 
distortion of casing at clamp. 


For a further listing of Lectromelt Self-Baking 
Electrode gear advantages, write Pittsburgh 
Lectromelt Furnace Corporation, 326 32nd 
Street, Pittsburgh 30, Pennsylvania. 


Self-Baking electrode gear for a ferromanganese smelting fur- 
nace on Lectromelt's erection floor. Testing completed, it's ready 
for shipment. 


Manufactured in . . . ENGLAND: Birlec, Lid., Birmingham . . . FRANCE: Stein et Roubaix, 
Paris ... BELGIUM: S. A. Beige Stein et Roubaix, Bressoux-Liege .. . SPAIN: General Electrica 
Espanola, Bilbao . . . ITALY: Forni Stein, Genoa. JAPAN: Daido Steei Co., Lid., Nagoya 


M. PAT. OFF. MOORE RAPID 
WHEN YOU MELT... 
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PAATNTENANCE 


Each piece of Bailey Equip- 
ment is engineered with two 
basic ideas in mind—safety 
under all operating condi- 

tions, and highly efficient be 
operation with a minimum ie 
of maintenance. 


Thermal Expansion Goggle 
Valve 


Mechanical Goggle Valve 
® Electric Plunger Clay Gun 
® Double Shaft Pug Mill 
® Sintering Plant Pug Mill 
® Cinder Notch Stopper 


® Stationary Wheel Pig Casting 
Machine 


© Blast Furnace Cold Biast Valve 
® Blast Furnace Blow-Off Vaive 
® Check and Snort Valve 
® Mixing and Check Relief Vaive 
© Blast Furnace Stove Checker 
® Fabricated Steel Stove Bottom 


© Regenerative 
Furnace Checker 


® Precision Table 


- 


« « « for sintering plents end | 

: ie. * Sure ond sefe. 
BAILEY CINDER NOTCH STOPPER . . . oliminates haz- 
erds to workmen at the cinder notch. 

BAILEY Thermal Expansion GOGGLE VALVE 

uses lineer expansion and contraction 

"4 
BAILEY P10 CASTING MACHINE © Ledie Skulting Hook 
1221 BANKSVILLE ROAD PITTSBURGH 16, PA 


